UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF NEW YORK
X

NEW YORK SMSA LIMITED PARTNERSHIP d/b/a
Verizon Wireless, NEW CINGULAR WIRELESS PCS,

LLC, and T-MOBILE NORTHEAST LLC, No. 10-CV-4997 (AKT)
Plaintiffs,
V. DECLARATION OF
EDUARDO ORELLANA

TOWN of HEMPSTEAD, and TOWN BOARD of the
TOWN of HEMPSTEAD,

Defendants.

EDUARDO ORELLANA declares as follows:

1. | am Eduardo Orellana, Director of Communications for RF / Wireless services for
Integrated Strategic Resources (ISR). ISR is a consulting firm specializing in communications
projects in the transportation industry. We are located at 505 8" Ave., Suite 2503, New York,
New York, 10018. | submit this declaration on behalf of the Town of Hempstead (referred to as
the “Town” throughout this affidavit).

2. This affirmation is made upon personal knowledge and information and belief,
based on my investigation, communications with other ISR personnel, Town officials and
representatives, and records and files relating to the configuration of cell phone towers, structural
analyses of cell phone towers, compliance with Federal Communications Commission guidelines
regarding Radio Frequency emissions, operations at cell phone towers, and building permit

applications to the Town.



INTRODUCTION

3. For 11 years | worked in the cellular phone industry designing, as well as
optimizing the performance of cell sites® for Nextel Communications, Sprint-Nextel, and Ericsson
Services. In addition to Radio Frequency (RF) / wireless coursework as part of my Master of
Science Degree in Electrical Engineering, | received internal training and equipment manufacturer
training for four different RF technologies: iDEN (Motorola), CDMA (Alcatel-Lucent), UMTS
(Ericsson), and Flash-OFDM (Flarion Technologies purchased by Qualcomm). | worked with
internal site acquisition and construction departments for the build of more than 150 iDEN and
CDMA cell sites, more than 100 of which I personally designed. As mentioned in Paragraph 1
above, as Director of Communications and as a Senior RF Engineer, | now work on RF / wireless
projects in the transportation industry. | have also provided RF expert testimony in eleven
criminal cases before the United States District Court for the Eastern District of New York. More
details regarding my education, training, and experience are provided in my Curriculum Vitae
attached in Exhibit A.

4. While at Sprint-Nextel, and subsequently at Ericsson as an outsourced engineer, we
worked with construction managers who contracted architectural engineers that were responsible
for the structural integrity of new cell sites and some types of cell site modifications. | would
provide the base station equipment, coaxial cable, and antenna specifications that the architectural
engineers needed to conduct their structural analyses. Because some rooftops could not support

the steel dunnage required for base station equipment rooms in particular, we were sometimes

! Cell sites, also referred to as cell phone towers, consists of antennas that are mounted on rooftops, monopoles, lattice
towers, water tanks, etc. with corresponding radio equipment (referred to as “base stations” throughout this affidavit)
and the electrical and communications/coaxial cable needed to communicate with cell phones in the areas the site
serve.
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forced to look for an equipment room inside the building.  Following a successful structural
analysis for a new cell site, we would receive the construction drawings from our construction
managers / architectural engineers for approval.  However, for Sprint in particular, we were not
required to request structural analyses for antenna swaps to improve service in an area.

5. Also while with Sprint-Nextel and Ericsson, we received internal training courses
on the best approaches to complying with FCC OET Bulletin 65 regarding human exposure to RF
emissions. Training included engineering solutions to reduce RF emissions on rooftops, and the
proper way of measuring RF emissions. Some of the sites | designed required me to choose a
higher point to mount antennas on a rooftop, like a bulkhead, or to request fencing around areas
where anyone with access to the roof could walk in front of the antennas.

6. At the end of 2011, ISR was asked to assist the Town of Hempstead in
understanding safety concerns that might exist regarding the building, modification, and/or
operation of cell sites. At the time, the cellular industry was in the midst of deploying fourth
generation (4G) networks, using new spectrum bands for deployment. The Town had begun to
see an increase in the number of building permit applications as a result of the 4G deployments.
Because of my experience described in Paragraphs 3 through 5 above, | suggested to the Town that
we conduct audits / surveys to assess the "structural integrity” and "general and RF safety" at cell
sites due to the addition of equipment, and to gather general information about equipment being
deployed, such as operating frequencies and technologies.

7. ISR formed a team of Senior RF Engineers and Associate RF Engineers to conduct

cell site audits, and review reports and drawings submitted to the Town, from 2012 through 2014.

2 OET Bulletin 65 Edition 97-01, Authors Robert F. Cleveland, Jr., David M. Sylvar, and Jerry L. Ulcek “Evaluating
Compliance with FCC Guidelines for Human Exposure to Radiofrequency Electromagnetic Fields”, Federal
Communications Commission (FCC), Washington, D.C., Issued August 1997
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In this affidavit, we discuss some of the key concerns we discovered as a result of our cell site
audits and document reviews, which we summarize here:

a. Only 1 of 51 structural analyses submitted to the Town was in accordance with the
latest ANSI/TIA-222-G-2005 Standard, "Structural Standard for Antenna Supporting
Structures and Antennas.”®  The ANSI/TIA-222-G-2005 Standard has updated
requirements for wind and ice loading, and structural analyses to this latest revision
would determine if structural strengthening at cell sites is needed to prevent structural
failures.

b. 65% of the structural analyses reports submitted to the Town did not include any
calculations as required by the Town of Hempstead General Code®.

c. Structural analyses of ballast / sled mount rooftop antenna installations were not
conducted using the latest ANSI/TIA-222-G-2005 Standard, which means the actual
load that must be supported by the rooftop was not calculated correctly. Furthermore,
four (4) ballast mount rooftop antenna installations, for which full analyses were
submitted, required additional ballast load to safely secure the mount to the rooftop, but
the Town was not advised if the additional ballast was added. Ballast mounts could
move in high wind conditions if not properly ballasted, but also add loads that present a
risk of rooftop structural failures if not properly engineered.

d. Four (4) cell sites had coaxial cable runs that were not properly grounded because the

ground bus bars were missing. When cable and equipment are not properly grounded,

¥ ANSI/TIA-222-G-2005, “Structural Standard for Antenna Supporting Structures and Antennas”, Published by
Telecommunications Industry Association, August 2005, Effective January 1, 2006. ANSI is the American National
Standards Institute, and TIA is the Telecommunications Industry Association. TIA is associated with the Electronic
Industries Alliance (EIA) in representing the telecommunications industry.

* “Town of Hempstead General Code”, Legislation adopted through July 2013.
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they present a risk of electrocution, as well as electrical and fire damage to equipment
and property.

e. Eight (8) Maximum Permissible Exposure (MPE) Compliance Evaluations (referred to
as "MPE Reports" throughout this affidavit) submitted to the Town stated results were
in compliance with FCC OET Bulletin 65 though the RF emissions calculations
indicated otherwise and no action was suggested, and / or further action was needed to
comply with FCC OET Bulletin 65. This is a risk to human health and safety.

f. Fourteen (14) MPE Reports submitted to the Town stated results were in compliance
with FCC OET Bulletin 65 though street level MPE calculations were incorrectly
applied for rooftop installations. Therefore, the risk of exposure to high RF emissions
on these rooftops was not evaluated, which presents a risk to the health and safety of

workers and/or the general public accessing these rooftops.

In the paragraphs that follow, we will discuss in much more detail the concerns we have
summarized. Two sites in particular that we visited, 2545 Hempstead Turnpike in East
Meadow and 1975 Linden Boulevard in EImont had multiple safety issues including

coaxial cable that was not properly grounded and RF emissions above the MPE limits.

STRUCTURAL CONCERN: COMPLIANCE WITH ANSI/TIA-222-G-2005

8. As mentioned in Paragraph 4 above, as an RF Engineer working with various
wireless service providers (referred to as "carriers" throughout this affidavit) | was always aware

of the need to comply with structural requirements and standards, which was managed by our



construction management personnel. When we needed to add or swap out antennas and/or cable
at cell sites managed by companies such as Crown Castle®, their service fees included a structural
analysis to determine if our equipment could be added to the existing cell site, i.e., the structure
could support the calculated loads. And when adding base station equipment to rooftops we
would have to wait for a structural analysis to determine if steel dunnage to support the base station
equipment could be supported by the existing roof structure.

9. In New York State, structural requirements for rooftop cell sites can be found in the
2010 Building Code of New York State® (referred to as "NYS Building Code" throughout this
affidavit), Chapter 31, Section 3108 for "Radio and Television Towers". Section 3108 references
the ANSI/T1A-222 Standard which is the accepted industry standard applicable to both rooftop
and free standing (monopoles, lattice towers, etc.) cell sites. As stated in the NYS Building Code,
"code is intended to provide minimum requirements to safeguard public safety, health and general
welfare through structural strength, means of egress facilities, stability, sanitation, adequate light
and ventilation, energy conservation and safety to life and property from fire and other hazards
attributed to the built environment." The ANSI/TIA-222-G-2005 Standard’ “provides the
requirements for the structural design and fabrication of new and the modification of existing
structural antennas, antenna-supporting structures, mounts, structural components, guy

assemblies, insulators and foundations.” Generally speaking, the NYS Building Code and

> Crown Castle is one of the best known cell site management companies in the USA. Site management companies
offer leasing, permit application, zoning application, and other services related to building or modifying new cell sites
which they manage for landowners and/or own themselves.

® «2010 Building Code of New York State”, Prepared by International Code Council, Inc. (Washington, D.C.) and
New York State Department of State (Albany, New York), Published August 2010.

" ANSI/TIA-222-G-2005, “Structural Standard for Antenna Supporting Structures and Antennas”, Published by
Telecommunications Industry Association, August 2005, Effective January 1, 2006. ANSI is the American National
Standards Institute, and TIA is the Telecommunications Industry Association. TIA is associated with the Electronic
Industries Alliance (EIA) in representing the telecommunications industry.
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ANSI/TIA-222-G-2005 Standard provide the requirements for building structurally sound cell
sites to keep the public safe.

10.  The Town of Hempstead General Code, Chapter 142, Section 142-4, Paragraph

G-(10) requires that a building permit application include "calculations that the telecommunication
facility tower and foundation and attachments, rooftop support structure, water tank structure, and
any other supporting structure as proposed to be utilized are designed and are constructed to meet
all local, city, state and federal structural requirements for loads, including wind and ice loads."
The ISR Team worked with Town employees to review structural analysis reports submitted to the
Town by various carriers as part of the building permit application process for the building or
modification of cell sites. These structural analysis reports were the latest filed with the Town for
the corresponding cell sites by the various carriers. In our review of 51 structural analysis reports
filed with the Town since the ANSI/TIA-222-G-2005 took effect in January of 2006, we noted the
following items of concern:

a. Only 1 of the structural analysis reports reviewed reported calculations or compliance
with the ANSI/TIA-222-G-2005 Standard. The other 50 reports included calculations
or compliance statements referencing older revisions of the standard, did not
specifically reference the ANSI/TIA-222-G-2005 Standard, or did not reference any
ANSI standards.

b. Only 18 of the 51 structural analysis reports (approximately 35%) included
calculations to demonstrate compliance with the older revisions of the
ANSI/TIA-222-G-2005 Standard. The other 33 reports (approximately 65%) were

actually certification letters with either a general statement indicating compliance with



older revisions of the ANSI/TIA-222-G-2005 Standard (except for one), a general
statement referencing NYS Building Code, and / or no specific references to any ANSI
standard.

c. 37 of the reports we reviewed were filed with the Town from 2011 through 2013, well

after the ANSI/TIA-222-G-2005 Standard took effect in January of 2006.
It was evident from the structural analysis reports reviewed that there was not a demonstrated
effort to comply with the ANSI/TIA-222-G-2005 Standard.

11. | emphasize that the ANSI/TIA-222-G-2005 Standard is recognized in the industry
as the standard to be used for the building and modification of cell sites. Paragraph 15.4 of the
standard states that "existing structures shall be analyzed" whenever there is a "change in type,
size; or number of appurtenances such as antennas, transmission lines, platforms, ladders, etc." In
response to a question posted to the TIA TR14 Committee® that developed the standard, on
February 14, 2007, the TR 14 Committee clarified:

"Previous editions of the standard are considered void. Decisions regarding structures
should be made using the latest revision of the standard. The intent was for an engineer to
use the latest standard when making decisions regarding the impact of a changed condition.”

12. Because the ANSI/TIA-222-G-2005 Standard changed the requirements for wind
loading and ice loading in particular, structural analysis report submittals to the Town should
reflect an analysis according to this latest standard. The potential for structural failures of cell
sites and corresponding impact on public safety should not be minimized. Attached Exhibits B

and C are pictures of tower collapses associated with high wind conditions in Oswego, New York

® The TIA TR14 Committee offers a TIA-222-G-2005 FAQ website to assist users of the Standard. The question
posted and corresponding answer can be accessed using the following URL:
http://eetlic.info/TIA-222-GRFQFAQ/index.php?action=artikel &cat=16&id=44&artlang=en
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and North Adams, Massachusetts, respectively. It should be noted that tower collapses can be
exacerbated by other circumstances / conditions such as fires. Attached Exhibit D is a picture of a
tower fire in Bensalem, Pennsylvania which resulted in the tower leaning over. The tower was
eventually taken down. These examples illustrate the need to comply with the latest
ANSI/TIA-222-G-2005 Standard, especially the updated wind and ice loading requirements, to

ensure cell sites are structurally sound, thereby minimizing the risk to public safety.

STRUCTURAL CONCERN: ENGINEERING BALLAST /SLED MOUNTS

13.  Many cell sites in the Town use ballast mounts, which are also referred to as sled
mounts, for rooftop installations. A ballast mount consists of a metal frame to which the antennas
are mounted, and the ballast used to weigh down / secure the frame to the roof. The ballast
usually consists of cinder or concrete blocks. Attached Exhibit E is a picture of a typical ballast
mount installation. There are two structural issues that should be monitored for ballast mounted
antennas:

a. The right amount of calculated ballast load needs to be added to the frame to ensure the

ballast mount and equipment it holds is secured to the roof.

b. The supporting roof structure should be able to withstand the loads of the ballast mount

and equipment it holds.

14.  Generally speaking, Chapter 16 of the NYS Building Code defines the loads® to
consider when designing a building to safely support the different loads. ANSI/TIA-222-G-2005

then defines the loads to consider specific to "antenna supporting structures and antennas”,

% Section 1602.1 of the NYS Building Code defines loads as “forces or other actions that result from the weight of
building materials, occupants and their possessions, environmental effects, differential movement and restrained
dimensional changes.”
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including wind and ice loads. Section 2.5 and 2.6 of ANSI/TIA-222-G-2005 clarify that dead
loads™ should include "antennas, antenna mounts, transmission lines, conduits, lighting

equipment, climbing devices, platforms, signs, anti-climbing devices, etc."

15.  As part of our review of structural analysis reports (see Paragraph 10 above), the
ISR Team was provided seven (7) structural analysis reports submitted to the Town by various
carriers for ballast mounted rooftop antenna installations at 7 different sites. 6 of the 7 structural
analysis reports provided calculations for wind loading and dead loads that need to be supported by
the building / rooftop structure. However, all 7 reports submitted between 2011 and 2012 were
not conducted in accordance with the ANSI/TIA-222-G-2005 Standard. They reference the
previous revision of the standard, ANSI/TIA/EIA-222-F,*! which had different requirements for
wind and ice loading. In fact, none of the 7 reports indicated that ice loading was considered as
part of their analysis.

16.  The results of 4 of the 7 structural analysis reports submitted to the Town indicated
that the existing ballast was not sufficient to secure the ballast mount and the equipment it
supports to the rooftop. Recommendations were made regarding additional ballast and/or
modification to the ballast mount needed to secure the mount to the rooftop. Since the
calculations were in accordance with the older ANSI/TIA/EIA-222-F Standard, with different

methods of calculating wind and ice loading, it is possible that the ballast requirements have

19 Section of the NYS Building Code defines dead loads as “the weight of materials of construction incorporated into
the building, including but not limited to walls, floors, roofs, ceilings, stairways, built-in partitions, finishes, cladding
and other similarly incorporated architectural and structural items, and the weight of fixed service equipment, such as
cranes, plumbing stacks and risers, electrical feeders, heating, ventilating and air-conditioning systems and fire
sprinkler systems.”

L ANSI/TIA/EIA-222-F-1996, “Structural Standards for Steel Antenna Towers and Antenna Supporting Structures”,
Published by Telecommunications Industry Association, Published June 1996.
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changed. Furthermore, the Town had received no follow-up reports or certification letters
indicating that the additional ballast and/or modification the ballast mount were completed to
comply with the ANSI/TIA/EIA-222-F Standard. It is a concern that these ballast mount
installations do not comply with the ANSI/TIA/EIA-222-G-2005 Standard, have not specifically
considered ice loading, and needed additional ballast to secure the mounts to the rooftops.

17.  The ice and wind loading calculations determine additional loads that must be
supported by the roof and overall building structure. Though all 7 structural analysis reports for
the ballast mounted antennas did consider rooftop loading as part of their calculations, they have
not considered the wind and ice loading in accordance with the ANSI/TIA-222-G-2005 Standard,
which may require the rooftop to support additional loads. To be clear, this is a separate but
related issued regarding ballast mount rooftop installations. Ballast is required to secure the
ballast mount to the rooftop, but the rooftop must support the loads associated with the ballast.
Therefore, there is a concern of whether or not the rooftops can support the additional loads as
calculated using the ANSI/TI1A-222-G-2005 Standard.

18.  Of particular concern regarding ballast mounted antennas is the additional load on
the rooftop, especially in the event of a fire. The additional load on the rooftop could cause a roof
collapse in the area where the ballast mount load is concentrated. The following cautionary

statement appears in an article in a magazine titled Fire Engineering:*

12 Joseph Viscuso, “Safe Operations Near Roof Cellular Base Stations”, Fire Engineering Magazine, March 1, 2008.
The article is available online at the following URL:
http://www.fireengineering.com/articles/print/volume161/issue3/features/safeoperationsnearroofcellularbasestations.
html
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""A ballast roof mount system creates a concentrated load on the roof; this is a load that is
applied to a small area of the roof. If the roof structure below the ballast mount is under
attack by fire, the weight of the ballast mount may cause premature collapse."

19.  Attached Exhibit F is a picture of ballast that was left on the rooftop at 1975 Linden
Boulevard in EImont. This is unnecessary dead load on the rooftop. We also do not know if this
ballast was intended to secure any of the ballast mounts to the rooftop. A 2012 structural analysis
report for the Sprint ballast mounts indicates additional ballast was needed to secure their mounts
to the rooftop.

20.  Tosummarize, the ANSI/TIA-222-G-2005 Standard was not used for the structural
analysis reports we reviewed for ballast mount rooftop antenna installations. Load calculations
according to the latest version of the standard are required not only to determine the correct
amount of ballast needed to secure the ballast mounted equipment to the rooftop, but also to ensure
the loads of the ballast mount installation can be supported by the rooftop. Not having analyses
based on the ANSI/TIA-222-G-2005 Standard is a concern, especially in the event of a fire, since
the rooftop may not be able to support the additional loads required to secure the ballast mounts to

the rooftop.

ELECTRICAL CONCERN: PROPER GROUNDING OF COAXIAL CABLES

21.  Coaxial cable is used to connect the cell site antennas to the base station equipment.
To safeguard against electrocution and fire hazards, the coaxial cable of cell sites must be properly

grounded. The proper grounding of cell sites is generally covered by Articles 250 (grounding bus
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bar), 810 (base station equipment), and 820 (coaxial cable) of the NFPA 70, NEC, 2011 Edition.*?
Proper grounding provides a path of low resistance to lightning, in essence diverting the energy
associated with lightning towards the electrical ground to which the ground bus bar is connected.
When coaxial cable is properly grounded, the electrical energy (current) of a lightning strike would
go to electrical ground instead of the electronic equipment of the base station.

22.  Though the NEC covers the proper grounding of base station equipment and
antenna supporting structures (pipe mounts and ballast mounts), the ISR Team focused on the
proper grounding of the coaxial cable to ground bus bars during the audits of 27 cell sites. We
focused on the proper grounding of coaxial cable to ground bus bars because the Senior RF
Engineers on the team were aware that theft of equipment and cable containing copper is a
relatively common occurrence. In accordance with the NEC, coaxial cable is usually grounded to
a ground bus bar using a bonding conductor, as detailed in the attached Exhibit G. Unlike the
picture in Exhibit G, many ground bus bars are made of copper which can be sold as scrap metal.

23.  At4of the 27 cell sites we audited (approximately 15%), it was obvious the ground
bus bars were missing and probably stolen, as can be seen in attached Exhibits H (2545 Hempstead
Turnpike, East Meadow) and | (1975 Linden Boulevard, EImont). In the event of a lightning
strike at a location with a missing ground bus bar, the current would not be directed to ground (the
purpose of the grounding bus bar) and could lead to arcing (jumping) to another metal object,
sparking, and/or fire. Lightning is both a source of extreme temperature and high electrical

currents. Attached Exhibits J and K are examples of electrical damage that can occur when

3 National Fire Protection Association (NFPA) 70, National Electric Code (NEC), 2011 Edition, Prepared by the
National Electric Code Committee, Issued by Standards Council August 5, 2010, Effective August 25, 2010.
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lightning reaches electrical equipment, such as that of cell site base stations, with the potential of
starting a fire.

24. | have expressed a concern to the Town that the theft of ground bus bars is a random
but increasingly common occurrence. The problem has generated new product lines for major
suppliers of materials and equipment to the RF industry like Tessco, RFS, and Commscope.
Solutions include galvanized steel ground bus bars, aluminum copper clad steel grounding cable,
and aluminum coaxial cable. However, these products will not solve the problem until they are
widely deployed. In the meantime, as we found during our cell site audits, there is a risk of
electrocution as well as electrical and fire damage, at cell sites where ground bus bars or bonding
conductors have been stolen.

25. I do not know how long the ground bus bars were missing at the cell sites we
audited. It may be an indication that RF engineers and field technicians are not visiting cell sites
on a regular basis, or not trained to take advantage of their visits to look for grounding issues as we

did. Inany event, the lack of proper grounding presents a real risk of damage to life and property.

COMPLIANCE WITH FCC OET BULLETIN 65

26. FCC OET Bulletin 65, attached as Exhibit L and referenced in footnote 2, page 3
above, establishes the guidelines for evaluating human exposure to RF emissions. FCC OET
Bulletin 65 provides predictive methods and formulas to calculate emissions, methods for the
measurement of RF emissions, and most importantly guidelines on limiting exposure to RF
emissions. FCC OET Bulletin 65 is a fairly comprehensive document, and we evaluated many

aspects of compliance with the guidelines during our audit of 27 cell sites. In this affidavit, we are
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providing comments regarding the compliance to FCC OET Bulletin 65 for 47 rooftop sites for
which MPE Reports were submitted to the Town by various carriers as part of the building permit
application process for the building or modification of cell sites. We are focusing on rooftop
installations because FCC OET Bulletin 65 excludes cell sites, where the lowest point of any
antenna is more than 10 meters (approximately 33 feet) above ground level, from routine
evaluations for compliance.

27. Here are some key points to consider with regards to compliance with the FCC
OET Bulletin 65 guidelines:

a. The RF exposure and emissions limits are classified for two different conditions:

i. Occupational or Controlled exposure where "persons are exposed as a
consequence of their employment and in which those persons who are exposed
have been made fully aware of the potential for exposure and can exercise
control.”

ii. General Population or Uncontrolled exposure where "the general public is
exposed or in which persons who are exposed as a consequence of their
employment may not be made fully aware of the potential for exposure or cannot
exercise control over their exposure.”

b. The maximum RF emissions limit, in terms of power density, is five times higher for
occupational exposure versus general population exposure. However, for the
purposes of compliance evaluation (maximum permissible exposure or MPE), the

occupational RF emissions limit needs to be time averaged over a maximum 6 minute
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evaluation period, whereas the evaluation period is a maximum of 30 minutes for the
general population emissions limit.

c. Inorder to apply the Occupational or Controlled MPE limits, FCC OET Bulletin 65
suggests that access be restricted or controlled, specifically by the use of fences,
warning signs, and/or locking out unauthorized persons in areas. More importantly, to
comply with Occupational MPE limits, exposure to higher RF emissions should be
limited to no more than 6 minutes, assuming continuous exposure to the higher RF
emissions.

d. Section 2 of FCC OET Bulletin 65 defines different methods and formulas that can be
used to calculate / predict the RF emissions in different environments (on the ground or
on a rooftop, near an antenna or farther away from an antenna, etc.). However, it is
recognized that on multiple transmitter sites (multiple carriers at the same site) it may
not be practical to calculate / predict RF emissions if the technical information for each
carrier is not available. Specifically, Section 3 defines the methods for measuring RF
emissions with instrumentation, stating that "actual measurements of the RF field may
be necessary to determine whether there is a potential for human exposure in excess of
the MPE limits specified by the FCC."

e. RoofView is commercially available software that uses a cylindrical model developed
by Richard Tell** which is more accurate for predicting MPE on rooftops, including

situations where there are multiple carriers on the rooftop.

! Richard Tell Associates, Inc. developed the RoofView software. His work is referenced and recognized in FCC
OET Bulletin 65. His experience regarding RF safety is well documented in attached Exhibit M.
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28. Of the 47 MPE Reports for rooftop installations that we reviewed, 14 reports
(approximately 30%) indicated that the cell sites were compliant with FCC OET Bulletin 65
though they did not include a rooftop analysis. The methodology and calculations were for a
General Population ground/street level analysis, but did not include any calculations or
measurements for the actual rooftop. The calculated street level emissions were from 0 feet
(building fagade) to hundreds of feet away from the building. Therefore, these MPE Reports did
not address MPE compliance on the rooftop though it was claimed that the cell site was compliant
with FCC OET Bulletin 65.

29. Exhibit N is an example of an MPE Report that did not complete a rooftop MPE
analysis but claimed compliance with FCC OET Bulletin 65. The report was submitted by
Pinnacle Telecom Group for the Verizon cell site at 2545 Hempstead Turnpike in East Meadow,
New York. Exhibit O is a picture of the building and the rooftop cell site. The latest MPE Reports
submitted by AT&T and T-Mobile included RoofView predictions that the Occupational MPE
limits are exceeded at certain areas on the rooftop. Furthermore, we visited this cell site with a
Radman XT* personal safety monitor, and the Radman XT confirmed that RF emissions were
exceeding 100% of the MPE Occupational limits in areas that would be accessible to workers on
the rooftops.

30. In addition to reports submitted that did not evaluate RF emissions on the rooftops,
another 8 of the 47 reports (approximately 17%) that utilized RoofView predicted RF emissions

exceeding the Occupational MPE limits. However, the reports incorrectly concluded that the cell

> The Radman XT is a personal safety monitor manufactured by Narda Safety Test Solutions in Germany. Narda
Safety Test Solutions also manufactures instruments that can be used to measure and record power density, magnetic
field strengths, and electric field strengths to determine MPE compliance. At Nextel and Sprint-Nextel, we used
Narda personal safety monitors and measuring instruments, and they are recognized in the RF industry.
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sites complied with FCC OET Bulletin 65, which requires some action to limit exposure any time
RF emissions are found to be noncompliant. 7 of these 8 reports did indicate some follow-up
action (mostly posting signs) was needed to comply with FCC OET Bulletin 65, but the evidence
presented in the reports did not support the conclusions that the sites were compliant, because
further action was needed for compliance. 2 of the 8 reports noted lower and compliant RF
emissions predictions in their conclusions, though the RoofView predictions indicated otherwise.
It should be noted that we visited 4 of these sites that predicted RF emissions exceeding the
Occupational MPE limits with a Radman XT personal safety monitor, and the Radman XT
confirmed that RF emissions were exceeding 100% of the MPE limits for Occupational exposure
in areas that would be accessible to workers on the rooftops.

31.  Regarding methods of limiting RF Exposure, OET Bulletin 65 states:
“Although restricting access may be the simplest and most cost-effective solution for
reducing public exposure, other methods are also available. Such methods may be relevant
for reducing exposure for both the general public and for workers. For example,
modifications to antennas, elevating antennas on roof-top installations or incorporation of
appropriate shielding can reduce RF fields in locations accessible to the public or to
workers.”
I have indicated my concern to the Town that restricting access and/or posting signs on rooftops
where Occupational RF emissions limits are exceeded may not be sufficient to limit exposure time
and hence comply with Occupational MPE limits. There is no evidence in the reports we
reviewed that consideration was given to other methods for limiting exposure beyond restricting

access and posting signage.
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32.  Asan example where restricting access and posting signs may not be the best
approach for limiting exposure time, attached Exhibit P is a picture taken at 2631 Merrick Road in
Bellmore. There was an RF warning sign on the door to access the rooftop, but the door was not
locked and no signs were posted on visible areas in front of the antennas. We had free access to
the rooftop, which means it should be considered a General Population environment. The yellow
chain link may have been an attempt to limit access but it did not cordon off any area and you can
easily walk around it. Any worker on the rooftop without proper RF training could be exposed to
levels above the MPE Occupational limits. Available MPE Reports from the carriers as well as
our Radman XT predicted/indicated high RF emissions in front of the antennas shown in Exhibit
P. More concerning is the fact that one MPE Report for this site predicted RF emissions at
871.10% of the General Population MPE limit.

33. In a Wall Street Journal Report published October 2, 2014, the article stated that
Richard Tell (see footnote 14 on Page 16) approximates he found 10% of 1,000 cell sites
(approximately 100) were not fully compliant with FCC OET Bulletin 65. As the article
indicates, non-compliance is of particular concern for the health of rooftop workers. In an April
4, 2014 letter to the FCC'" attached in Exhibit Q, Edwin D. Hill of the IBEW expressed his
concerns regarding the exposure of workers to RF emissions on rooftops and other locations, many
of whom who are not trained regarding RF safety.

34.  Tosummarize, our review of 47 rooftop MPE Reports submitted to the Town found

that 30% of the reports did not use the correct methodology to determine if the rooftops were

1 Tanthe Jeanne Dugan and Ryan Knutson, “Cellphone Boom Spurs Antenna-Safety Worries”, The Wall Street
Journal, October 2, 2014.

7 Edwin D. Hill, International Brotherhood of Electrical Workers (IBEW), Comment Regarding Proposed Changes
in the Commission’s Rules Regarding Human Exposure to Radiofrequency Electromagnetic Fields, ET Docket No.
03-137, Letter to Marlene H. Dortch, Secretary, FCC, April 4,2014. The IBEW is a labor union representing workers
in the electrical industry, such as electricians and linemen.
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compliant with FCC OET Bulletin 65. Another 17% of the reports did predict the Occupational
MPE RF emissions limits could be exceeded, but I question whether the most effective methods to
limit exposure are being taken. Exceeding the Occupational MPE limits without effective
methods to limit exposure is of particular concern for the health and safety of rooftop workers.
35.  Additional discussion and documentation of MPE compliance issues are contained
in my Supplemental Declaration of Eduardo Orellana dated February 25, 2015 which will be filed
under seal with the United States District Court for the Eastern District of New York in Verizon

Wireless et al v Town of Hempstead, Dkt. 10-cv-4997 (EDNY).

CONCLUSIONS

36.  The ISR Team conducted cell site audits, reviews of structural analyses, and review
of MPE Reports in an effort to understand safety concerns at cell sites in the Town of Hempstead.
We have detailed our concerns to the Town, which we summarize here:

a. Structural analyses reports submitted to the Town do not demonstrate an effort to
comply with the latest ANSI/TIA-222-G-2005 Standard, and the new wind and ice
loading requirements defined within. Only 1 report refers to ANSI/TIA-222-G-2005,
and only 35% of the reports submitted included calculations as required by the Town of
Hempstead General Code. Of particular concern are ballast mount rooftop antenna
installations which may require more ballast to secure the mounts to the rooftop and
should be properly engineered to ensure the rooftop can support the additional loads.

Compliance with the ANSI/T1A-222-G-2005 Standard ensures the best effort to
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construct structurally sound cell sites and mitigate any risks to public safety and
property damage in the event of a structural failure.

b. During our cells site audits we found some sites with coaxial cable that was not
properly grounded because the ground bus bars were missing. Improperly grounded
coaxial cable presents an electrical and fire hazard to the public, electrical equipment,
and property, especially in the event of lightning strikes. The fact that we were able to
find 4 cell sites that were missing ground bus bars as part of a random selection of cell
sites to audit indicates the problem may be growing, as recognized by the industry
which is now developing solutions to prevent theft of copper RF materials and
components. Though not a solution to the problem, more routine visits to the cell sites
by carrier personnel can at least help to identify cell sites that need ground bus bars
installed after theft.

c. Exposure to RF emissions above the established Occupational limits in FCC OET
Bulletin 65 poses a safety and health risk to rooftop workers in particular. Our review
of the MPE Reports indicated the wrong methodology is sometimes used to predict
Occupational MPE compliance on rooftops. Furthermore, when predictions indicate
Occupational MPE limits are exceeded, the most common suggestions in the reports to
limit exposure are to restrict access and post signage. While cost-effective, other
solutions should be considered.

37. In a limited sampling of cell site audits and documents to review, we found safety

hazards and potential safety hazards that warrant concern and follow-up. In the case of 2545

Hempstead Turnpike and 1975 Linden Boulevard, we found multiple conditions (improper
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grounding, ballast mounts requiring additional ballast, and high RF emissions readings) that
warrant concern.

38. I state under penalty of perjury that the foregoing is true and correct. Executed on
February 25, 2015.

Eln L O

EDUARDO ORELLANA
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a Certified Woman Owned Disadvantaged-Business Enterprise

Systems Integration — Communications (RF-Wireless) & Network Applications — Electronic Security — Rail Transit Operations/Analysis

Eduardo Orellana Director Communications
Wireless/RF Technologies

Ed has over 20 years of engineering and management experience, with more than 11
years experience in systems integration, technical design, deployment, and management
of teams for complex communications network projects throughout the New York Area.
In recent projects Ed served as Project Manager for the NYCT Bus Radio Interim Up-
grade Project, Project Manager and Senior Communications Engineer for Denver Transit
Partners’ WiMax based Positive Train Control System. Earlier, Ed served as a Senior
Communications and Wireless/Radio Frequency Engineer on the NYCT Chambers Street
Electronic Security System (ESS) project authoring one of the required Operations and
Maintenance (O&M) Manuals and corresponding training course. Ed had the responsibil-
ity of driving the overall O&M Manual and training processes, including development,
submittal, and approval. He participated in system implementation, integration, testing
and commissioning of the numerous communications elements of this integrated ESS, in
particular the access control and laser intrusion detection subsystems.

Ed has worked in the forefront of communications technology, field directing operations
and engineering personnel and providing oversight for design and performance optimiza-
tion of iDEN, CDMA, and UMTS technology networks and UPS systems. Ed worked
with site acquisition and construction departments for the build of more than 150 iDEN
and CDMA cell sites, more than 100 of which he personally designed. Ed restructured
engineering teams and hired contractors to successfully manage the design and deploy-
ment of 80+ cell sites.

Early in his career, Ed was Underwriters Laboratories’ Regional Leader for International
Registration Programs in Latin America. In this position he led no fewer than 19 world-
wide Inspection Centers for UL’s International Inspection Services (I11S) Department. He
directed Quality Registration Services in Latin America, adhering to ISO and QS 9000
standards.

Education Master of Science, Electrical Engineering., Polytechnic University
Bachelor of Science Electrical Engineering, Manhattan College

Work Experience

Bus Radio Interim Upgrade Project, New York City Transit, New York, NY. Ed recent-
ly served as Project Manager for the integration of new Uninterruptable Power Supplies
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(UPS), microwave backhauls, and new UHF simulcast radio network equipment as part
of an upgrade of NYCT’s existing bus radio system. The project is upgrading the equip-
ment located at four base station sites and the command center. He also managed the re-
lationship with NYCT by ensuring on-time delivery of equipment cut sheets, rack and
layout drawings, methods of procedures, test procedures, schedule updates, and other key
deliverables. Ed and his team coordinated multi-disciplinary surveys to identify locations
of equipment removal and installation, to identify power feeds and distribution, to verify
planned work complies with NYCT contract specifications and to generally plan the or-
der of delivery, installation, and integration. Ed worked with vendors as an engineering
lead in the development of methods of procedure (MOP) and acceptance test plans
(ATP). The Bus Radio Project work consisted of upgrade, installation, optimization, in-
tegration, testing and cutover from old to new equipment. Upgrade included base station
repeaters, microwave link radio equipment, central site controllers, channel bank elec-
tronic equipment and alarm monitoring equipment.

Denver — Positive Train Control (PTC) - FasTracks Commuter Rail, Regional Transit
District (RTD), Denver, Colorado. Denver Transit Partners is a concessionaire to RTD
and is responsible to design, build, operate and maintain the FasTracks commuter rail
system. Nomad Digital, a subcontractor to the concessionaire, is responsible to design
and implement the communications backbone for Positive Train Control (PTC). Nomad
Digital has engaged ISR to assist with the design of the communications system, includ-
ing but not limited to placement of the WiMAX base stations and antenna configurations
along the right-of-way. Ed is ISR’s project manager and senior communications engineer
in this effort, supervising other ISR engineers in various aspects of the PTC base station
design using Mentum Planet propagation software, and working on-site with Nomad Dig-
ital on field surveys and testing to further develop and verify the designs.

Electronic Security for Chambers Street Station Complex, MTA Capital Construction
(MTACC) and New York City Transit (NYCT) — New York, NY. Ed served as a Senior
Communications and Wireless/Radio Frequency Engineer on the NYCT Chambers Street
Electronic Security System (ESS) project. At the outset of this project Ed worked within
the team to identify all required tests and inspections, and associated submittals, and is
helping develop comprehensive project test plans and test procedures. Ed interfaced
with equipment vendors to obtain the latest operations manuals, specifications, and CAD
drawings needed to review different aspects of systems integration and testing. In addi-
tion to authoring one of the required Operations and Maintenance (O&M) Manuals and
corresponding training course, Ed had the responsibility of driving the overall O&M
Manual and training processes, including development, submittal, and approval.

He participated in system implementation, integration, testing and commissioning of the
numerous communications elements of this integrated ESS, in particular the access
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control and laser intrusion detection subsystems. The project included the introduction of
approximately 70 cameras in the mezzanine and platform areas of the Chambers Street
and Brooklyn Bridge stations, an access control system to monitor authorized and unau-
thorized access to tunnel ingress routes, installation of a laser intrusion detection system
to cover the tunnel ingress routes, and installation of system and network control equip-
ment to support monitoring and control of these systems from the Security Operations
Center.

ASES 11 Support Services, NJ Transit. Ed is assigned as a Radio Frequency Communi-
cations engineer on the engineering team supporting New Jersey Transit (NJT) on the
Advanced Speed Enforcement System (ASES I1) project. At the outset of this project Ed
has the primary responsibility on the team for mapping available RF spectrum in the dif-
ferent frequency bands required to support implementation of the Positive Train Control
(PTC) on NJT’s commuter rail lines. This is part of a larger effort of spectrum acquisi-
tion support to NJT for ASES II. As the project continues, Ed will assist NJT with the
design-build contractor for ASES Il on, among other things, ensuring interoperability
with the available spectrum and interoperability of ASES Il with PTC systems deployed
by Amtrak, MTA Metro-North Railroad, SEPTA, and freight railroads. At the request of
NJT and the engineering team, Ed has authored reports regarding the expected coverage
of PTC transmitters, the options for serial communications over long distances, and the
use of microwave links in the PTC backhaul.

Radio Frequency (RF) Testimony for the Town of Hempstead, New York. Ed provided
RF testimony as an expert regarding the design and performance of cell phone towers for
different cell phone technologies, including iDEN, CDMA, UMTS, and OFDM. RF tes-
timony explained how cell phone towers and cell phones operate for the different tech-
nologies.

Second Avenue Subway, New York City Transit, New York, NY. Ed first worked on the
preliminary redesign of the Software House access control system to dimension it for the
large amount of card readers, horn/strobes, door sensors, etc. at the 63 St. Station. He
then evaluated equipment cut sheets to verify equipment complied with the contract spec-
ifications, and reported discrepancies to System Integration Engineer. Further duties in-
clude developing the initial training matrix for the project to classify training and assess
impact of training on the overall schedule. The Second Avenue subway systems integra-
tion first phase project includes managing the design, implementation, testing and train-
ing of the new CCTV system, as well as the Access Control/Intrusion Detection systems.
Additionally, scope includes managing the computer-based dispatch system, Solar Udine
station clocks and overall WAN/LAN Networks.
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Sprint-Nextel / Ericsson Services, Inc. - Garden City, New York. RF Engineer 111 /
Senior RF Engineer. Ed directed all aspects of performance optimization activities for
the Sprint-Nextel CDMA network on Long Island. Audited base station cell sites to en-
sure they are optimized for RF coverage and capacity relief, collecting and analyzing
drive test data to recommend site modifications as needed. Monitored performance of
100-150 sites, analyzing statistics and implementing crucial parameter/antenna configura-
tion adjustments. Worked with Field Operations to diagnose and repair customer-
impacting hardware failures. Reviewed and approved in-building/DAS systems designs.

iDEN RF Manager. Forged and provided oversight for design and performance optimi-
zation, expertly directing teams of up to 12 engineers and all aspects of resource optimi-
zation and process improvement. Expedited daily operations including workload assign-
ment and management, staff training and supervision, and performance improvement ini-
tiatives. Hired, mentored, trained, and evaluated all employees. Led and engaged engi-
neers in identifying and correcting problems, strengthening productivity, overhauling and
improving operating processes and systems, and resolving quality issues. Crafted and de-
livered high-impact presentations regarding network performance for Internal Depart-
ments, and the government clients.

Nextel Flarion Broadband (4G) Trial - Raleigh, North Carolina. RF Engineer. Ed
was hand-picked to represent Nextel’s Northeast Region in Flarion wireless broadband
trial. He met the challenge of developing and monitoring validation testing procedures.
Ed drove cross-functional coordination of engineers and field test teams in executing tests
and analyses. In an award-winning effort, he conducted 1900 MHz RF propagation stud-
ies utilizing computer simulations (Wizard) to recommend antenna configuration changes
and subsequently improve RF coverage, data throughput, and overall performance. Ed
developed maps to deliver comprehensive test results to Sales and Marketing.

Among his specific accomplishments at Sprint-Nextel/Ericsson:

e Restructured engineering team and hired contractors to successfully manage the
design of 80+ sites, with 40 currently on-air.

e Pioneered and implemented innovative plan to restore T1 service for 10 cell sites
following the 11 September 2001 attack; utilized 18 GHz microwave as a T1
backhaul to restore sites delivering quality coverage to emergency responders
within 10 days.

e Designed 2 sites to provide coverage over the water in New York Harbor, coordi-
nating with frequency planning team to ensure minimal interference and dramati-
cally improve our Staten Island Ferry service.

e Deployed statistical analysis and trending methodologies to correlate technology-
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specific parameter changes and the corresponding impact on network perfor-
mance.

e Earned reputation as top performer, achieving Nextel Circle of Excellence Award
in 2002, Broadband Trial Award in 2004, and Excellence Award in 2007.

Underwriters Laboratories, Inc. - Melville, New York. UL is a not-for-profit organiza-
tion providing Product Safety Certification and Quality System Registration Services in
the U.S. and internationally. He was UL’s Regional Leader, International Registration
Programs. In this position Ed led no fewer than 19 worldwide Inspection Centers for
UL’s International Inspection Services (IIS) Department. Directed Quality Registration
Services in Latin America, adhering to 1ISO and QS 9000 standards. Ed coordinated train-
ing and qualification of local auditors, liaising with corporate program managers to en-
sure compliance with auditing and Registrar accreditation standards.

Training
o eXpert Wireless Solutions/Wireless 102 & 103
e iDEN Systems School
e iDEN Packet Data Network/Technology Prediction and Trending
e Flarion Flash-OFDM Training Antennas, Propagation, and Fading: Theory and

Practice

Lucent CDMA RF 100 & 200 Course

e Lucent PCS CDMA RF Performance Engineering

e Lucent 1XEV-DO RF Design Engineering and Call Processing

Affiliations

e Society of Hispanic Professional Engineers
e Institute of Electrical and Electronics Engineers (IEEE)

Employment History

Integrated Strategic Resources 2010 - present
Ericsson Services, Inc., formerly Sprint-Nextel 2009 - 2010
Sprint-Nextel 1999 - 2009
Underwriters Laboratories, Inc. 1991 - 1999

N
505 8th Avenue, Suite 2503, New York NY 10018 — Tel. 212-244-8532—Visit us at http://www.isrllc.us 1111 'TTI

INTEGRATED STRATEGIC RESOURCES



EXHIBIT B:

TOWER COLLAPSE IN HIGH WIND CONDITIONS

OSWEGO, NEW YORK
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TOWER COLLAPSE IN HIGH WIND CONDITIONS

NORTH ADAMS, MASSACHUSETTS
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TOWER LEANING DUE TO FIRE — BENSALEM, PENNSYLVANIA
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TYPICAL BALLAST MOUNTED ANTENNAS
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PROPER GROUNDING OF COAXIAL CABLE
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MISSING GROUND BUS BAR
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MISSING GROUND BUS BAR
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EXAMPLE OF ELECRICAL DAMAGE TO EQUIPMENT ATTRIBUTED
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INTRODUCTION

This revised OET Bulletin 65 has been prepared to provide assistance in determining
whether proposed or existing transmitting facilities, operations or devices comply with limits for
human exposure to radiofrequency (RF) fields adopted by the Federal Communications
Commission (FCC). The bulletin offers guidelines and suggestions for evaluating compliance.
However, it is not intended to establish mandatory procedures, and other methods and
procedures may be acceptable if based on sound engineering practice.

In 1996, the FCC adopted new guidelines and procedures for evaluating environmental
effects of RF emissions. The new guidelines incorporate two tiers of exposure limits based on
whether exposure occurs in an occupational or "controlled" situation or whether the general
population is exposed or exposure is in an "uncontrolled” situation. In addition to guidelines for
evaluating fixed transmitters, the FCC adopted new limits for evaluating exposure from mobile
and portable devices, such as cellular telephones and personal communications devices. The
FCC also revised its policy with respect to categorically excluding certain transmitters and
services from requirements for routine evaluation for compliance with the guidelines.

This bulletin is a revision of the FCC's OST Bulletin 65, originally issued in 1985.
Although certain technical information in the original bulletin is still valid, this revised version
updates other information and provides additional guidance for evaluating compliance with the
the new FCC policies and guidelines. The bulletin is organized into the following sections:
Introduction, Definitions and Glossary, Background Information, Prediction Methods, Measuring
RF Fields, Controlling Exposure to RF Fields, References and Appendices. Appendix A
provides a summary of the new FCC guidelines and the requirements for routine evaluation.
Additional information specifically for use in evaluating compliance for radio and television
broadcast stations is included in a supplement to this bulletin (Supplement A). A supplement for
the Amateur Radio Service will also be issued (Supplement B), and future supplements may be
issued to provide additional information for other services. This bulletin and its supplements
may be revised, as needed.

In general, the information contained in this bulletin is intended to enable an applicant to
make a reasonably quick determination as to whether a proposed or existing facility is in
compliance with the limits. In addition to calculations and the use of tables and figures, Section
4, dealing with controlling exposure, should be consulted to ensure compliance, especially with
respect to occupational/controlled exposures. In some cases, such as multiple-emitter locations,
measurements or a more detailed analysis may be required. In that regard, Section 3 on
measuring RF fields provides basic information and references on measurement procedures and
instrumentation.

For further information on any of the topics discussed in this bulletin, you may contact
the FCC's RF safety group at: +1 202 418-2464. Questions and inquiries can also be
e-mailed to: rfsafety@fcc.gov. The FCC's World Wide Web Site provides information on FCC
decision documents and bulletins relevant to the RF safety issue. The address is:
www.fcc.gov/oet/rfsafety.



DEFINITIONS AND GLOSSARY OF TERMS

The following specific words and terms are used in this bulletin. These definitions are
adapted from those included in the American National Standards Institute (ANSI) 1992 RF
exposure standard [Reference 1], from NCRP Report No. 67 [Reference 19] and from the FCC's
Rules (47 CFR § 2.1 and § 1.1310).

Average (temporal) power. The time-averaged rate of energy transfer.

Averaging time. The appropriate time period over which exposure is averaged for purposes of
determining compliance with RF exposure limits (discussed in more detail in Section 1).

Continuous exposure. Exposure for durations exceeding the corresponding averaging time.
Decibel (dB). Ten times the logarithm to the base ten of the ratio of two power levels.

Duty factor. The ratio of pulse duration to the pulse period of a periodic pulse train. Also, may

be a measure of the temporal transmission characteristic of an intermittently transmitting RF
source such as a paging antenna by dividing average transmission duration by the average period
for transmissions. A duty factor of 1.0 corresponds to continuous operation.

Effective radiated power (ERP)(in a given direction). The product of the power supplied to
the antenna and its gain relative to a half-wave dipole in a given direction.

Equivalent Isotropically Radiated Power (EIRP). The product of the power supplied to the
antenna and the antenna gain in a given direction relative to an isotropic antenna.

Electric field strength (E). A field vector quantity that represents the fof€edn an
infinitesimal unit positive test chargg)(at a point divided by that charge. Electric field strength
is expressed in units of volts per meter (V/m).

Energy density (electromagnetic field) The electromagnetic energy contained in an
infinitesimal volume divided by that volume.

Exposure Exposure occurs whenever and wherever a person is subjected to electric, magnetic
or electromagnetic fields other than those originating from physiological processes in the body
and other natural phenomena.

Exposure, partial-body. Partial-body exposure results when RF fields are substantially
nonuniform over the body. Fields that are nonuniform over volumes comparable to the human
body may occur due to highly directional sources, standing-waves, re-radiating sources or in the
near field. Se®F "hot spot".



Far-field region. That region of the field of an antenna where the angular field distribution is
essentially independent of the distance from the antenna. In this region (also called the free
space region), the field has a predominantly plane-wave character, i.e., locally uniform
distribution of electric field strength and magnetic field strength in planes transverse to the
direction of propagation.

Gain (of an antenna). The ratio, usually expressed in decibels, of the power required at the
input of a loss-free reference antenna to the power supplied to the input of the given antenna to
produce, in a given direction, the same field strength or the same power density at the same
distance. When not specified otherwise, the gain refers to the direction of maximum radiation.
Gain may be considered for a specified polarization. Gain may be referenced to an isotropic
antenna (dBi) or a half-wave dipole (dBd).

General population/uncontrolled exposure.For FCC purposes, applies to human exposure to
RF fields when the general public is exposed or in which persons who are exposed as a
consequence of their employment may not be made fully aware of the potential for exposure or
cannot exercise control over their exposure. Therefore, members of the general public always
fall under this category when exposure is not employment-related.

Hertz (Hz). The unit for expressing frequencf). (One hertz equals one cycle per second.

Magnetic field strength (H). A field vector that is equal to the magnetic flux density divided by
the permeability of the medium. Magnetic field strength is expressed in units of amperes per
meter (A/m).

Maximum permissible exposure (MPE) The rms and peak electric and magnetic field
strength, their squares, or the plane-wave equivalent power densities associated with these fields
to which a person may be exposed without harmful effect and with an acceptable safety factor.

Near-field region. A region generally in proximity to an antenna or other radiating

structure, in which the electric and magnetic fields do not have a substantially plane-wave
character, but vary considerably from point to point. The near-field region is further subdivided
into the reactive near-field region, which is closest to the radiating structure and that contains
most or nearly all of the stored energy, and the radiating near-field region where the radiation
field predominates over the reactive field, but lacks substantial plane-wave character and is
complicated in structure. For most antennas, the outer boundary of the reactive near field region
is commonly taken to exist at a distance of one-half wavelength from the antenna surface.



Occupational/controlled exposure.For FCC purposes, applies to human exposure to RF fields
when persons are exposed as a consequence of their employment and in which those persons who
are exposed have been made fully aware of the potential for exposure and can exercise control
over their exposure. Occupational/controlled exposure limits also apply where exposure is of a
transient nature as a result of incidental passage through a location where exposure levels may be
above general population/uncontrolled limits (see definition above), as long as the exposed

person has been made fully aware of the potential for exposure and can exercise control over his
or her exposure by leaving the area or by some other appropriate means.

Peak Envelope Power (PEP)The average power supplied to the antenna transmission line by a
radio transmitter during one radiofrequency cycle at the crest of the modulation envelope taken
under normal operating conditions.

Power density, average (temporal).The instantaneous power density integrated over a source
repetition period.

Power density (S) Power per unit area normal to the direction of propagation, usually

expressed in units of watts per square meter @\dm for convenience, units such as milliwatts

per square centimeter (mW/€nor microwatts per square centimeter (uWicniFor plane

waves, power density, electric field strength (E) and magnetic field strength (H) are related by
the impedance of free space, i.e., 377 ohms, as discussed in Section 1 of this bulletin. Although
many survey instruments indicate power density units (“far-field equivalent” power density), the
actual quantities measured are E 6poEH or H.

Power density, peak The maximum instantaneous power density occurring when power is
transmitted.

Power density, plane-wave equivalent or far-field equivalentA commonly-used terms
associated with any electromagnetic wave, equal in magnitude to the power density of a plane
wave having the same electric (E) or magnetic (H) field strength.

Radiofrequency (RF) spectrum Although the RF spectrum is formally defined in terms of
frequency as extending from 0 to 3000 GHz, for purposes of the FCC's exposure guidelines, the
frequency range of interest in 300 kHz to 100 GHz.

Re-radiated field. An electromagnetic field resulting from currents induced in a secondary,
predominantly conducting, object by electromagnetic waves incident on that object from one or
more primary radiating structures or antennas. Re-radiated fields are sometimes called
"reflected” or more correctly "scattered fields." The scattering object is sometimes called a "re-
radiator” or "secondary radiator".



RF "hot spot.” A highly localized area of relatively more intense radio-frequency radiation that
manifests itself in two principal ways:

(1) The presence of intense electric or magnetic fields immediately adjacent to
conductive objects that are immersed in lower intensity ambient fields (often referred to
as re-radiation), and

(2) Localized areas, not necessarily immediately close to conductive objects, in which
there exists a concentration of RF fields caused by reflections and/or narrow beams
produced by high-gain radiating antennas or other highly directional sources. In both
cases, the fields are characterized by very rapid changes in field strength with distance.
RF hot spots are normally associated with very nonuniform exposure of the body (partial
body exposure). This is not to be confused with an actual thermal hot spot within the
absorbing body.

Root-mean-square (rms) The effective value, or the value associated with joule heating, of a
periodic electromagnetic wave. The rms value is obtained by taking the square root of the mean
of the squared value of a function.

Scattered radiation An electromagnetic field resulting from currents induced in a secondary,
conducting or dielectric object by electromagnetic waves incident on that object from one or
more primary sources.

Short-term exposure Exposure for durations less than the corresponding averaging time.

Specific absorption rate (SAR) A measure of the rate of energy absorbed by (dissipated in) an
incremental mass contained in a volume element of dielectric materials such as biological tissues.
SAR is usually expressed in terms of watts per kilogram (W/kg) or milliwatts per gram (mW/g).
Guidelines for human exposure to RF fields are based on SAR thresholds where adverse
biological effects may occur. When the human body is exposed to an RF field, the SAR
experienced is proportional to the squared value of the electric field strength induced in the body.

Wavelength (A). The wavelengthl]) of an electromagnetic wave is related to the frequeiicy (
and velocity Y) by the expressiorv=fA.. In free space the velocity of an electromagnetic wave
is equal to the speed of light, i.e., approximately 3%m/g.



Section 1: BACKGROUND INFORMATION

FCC Implementation of NEPA

The National Environmental Policy Act of 1969 (NEPA) requires agencies of the Federal
Government to evaluate the effects of their actions on the quality of the human envirbrifoent.
meet its responsibilities under NEPA, the Commission has adopted requirements for evaluating
the environmental impact of its actioh©ne of several environmental factors addressed by
these requirements is human exposure to RF energy emitted by FCC-regulated transmitters and
facilities.

The FCC's Rules provide a list of various Commission actions which may have a
significant effect on the environment. If FCC approval to construct or operate a facility would
likely result in a significant environmental effect included in this list, the applicant for such a
facility must submit an "Environmental Assessment” or "EA" of the environmental effect
including information specified in the FCC Rules. It is the responsibility of the applicant to
make an initial determination as to whether it is necessary to submit an EA.

If it is necessary for an applicant to submit an EA that document would be reviewed by
FCC staff to determine whether the next step in the process, the preparation of an Environmental
Impact Statement or "EIS," is necessary. An EIS is only prepared if there is a staff determination
that the action in question will have a significant environmental effect. If an EIS is prepared, the
ultimate decision as to approval of an application could require a full vote by the Commission,
and consideration of the issues involved could be a lengthy process. Over the years since NEPA
implementation, there have been relatively few EIS's filed with the Commission. This is because
most environmental problems are resolved in the process well prior to EIS preparation, since this
is in the best interest of all and avoids processing delays.

Many FCC application forms require that applicants indicate whether their proposed
operation would constitute a significant environmental action under our NEPA procedures.
When an applicant answers this question on an FCC form, in some cases documentation or an
explanation of how an applicant determined that there wamntibe a significant environmental
effect may be requested by the FCC operating bureau or office. This documentation may take
the form of an environmental statement or engineering statement that accompanies the
application. Such a statementis an EA, since an EA is only submitted if there is evidence for
a significant environmental effect. In the overwhelming number of cases, applicants attempt to
mitigate any potential for a significant environmental effect before submission of either an
environmental statement or an EA. This may involve informal

! National Environmental Policy Act of 1969, 42 U.S.C. Section 4321, et seq.

? See 47 CFR § 1.1301, et seq.



consultation with FCC staff, either prior to the filing of an application or after an application has
been filed, over possible means of avoiding or correcting an environmental problem.

FCC Guidelines for Evaluating Exposure to RF Emissions

In 1985, the FCC first adopted guidelines to be used for evaluating human exposure to
RF emissions. The FCC revised and updated these guidelines on August 1, 1996, as a result of a
rule-making proceeding initiated in 1993The new guidelines incorporate limits for Maximum
Permissible Exposure (MPE) in terms of electric and magnetic field strength and power density
for transmitters operating at frequencies between 300 kHz and 100 GHz. Limits are also
specified for localized ("partial body") absorption that are used primarily for evaluating exposure
due to transmitting devices such as hand-held portable telephones. Implementation of the new
guidelines for mobile and portable devices became effective August 7, 1996. For other
applicants and licensees a transition period was established before the new guidelines would

apply?

The FCC's MPE limits are based on exposure limits recommended by the National
Council on Radiation Protection and Measurements (NC&), over a wide range of
frequencies, the exposure limits developed by the Institute of Electrical and Electronics
Engineers, Inc., (IEEE) and adopted by the American National Standards Institute (ANSI) to

3 See Report and OrdeGEN Docket No. 79-144, 100 FCC 2d 543 (1985); ednorandum Opinion and
Order,58 RR 2d 1128 (1985). The guidelines originally adopted by the FCC were the 1982 RF protection guides
issued by the American National Standards Institute (ANSI).

4 SeeReport and OrderET Docket 93-62, FCC 96-326, adopted August 1, 1996, 61 Federal Register 41,006
(1996), 11 FCC Record 15,123 (1997). The FCC initiated this rule-making proceeding in 1993 in response to the
1992 revision by ANSI of its earlier guidelines for human exposure. The Commission responded to seventeen
petitions for reconsideration filed in this docket in two separate Oréns: Memorandum Opinion and Order,

FCC 96-487, adopted December 23, 1996, 62 Federal Register 3232 (1997), 11 FCC Record 17,512 (1997); and
Second Memorandum Opinion and Order and Notice of Proposed Rulensdapged August 25, 1997.

° This transition period was recently extended. With the exception of the Amateur Radio Service, the date
now established for the end of the transition period is October 15, 199Be&aed Memorandum Opinion and
Order and Notice of Proposed Rule Makifd, Docket 93-62, adopted August 25, 1997. Therefore, the new
guidelines will apply to applications filed on or after this date. For the Amateur Service only, the new guidelines
will apply to applications filed on or after January 1, 1998. In addition, the Commission has adopted a date certain
of September 1, 2000, by which time all existing facilities and devices must be in compliance with the new
guidelines (se&econd Memorandum Opinion and Orfder

® See Reference 2Miological Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields,"
NCRP Report No. 86 (1986), National Council on Radiation Protection and Measurements (NCRP), Bethesda, MD.
The NCRP is a non-profit corporation chartered by the U.S. Congress to develop information and recommendations
concerning radiation protection.



replace the 1982 ANSI guidelinéd.imits for localized absorption are based on
recommendations of both ANSI/IEEE and NCRP. The FCC's new guidelines are summarized in
Appendix A.

In reaching its decision on adopting new guidelines the Commission carefully considered
the large number of comments submitted in its rule-making proceeding, and particularly those
submitted by the U.S. Environmental Protection Agency (EPA), the Food and Drug
Administration (FDA) and other federal health and safety agencies. The new guidelines are
based substantially on the recommendations of those agencies, and it is the Commission's belief
that they represent a consensus view of the federal agencies responsible for matters relating to
public safety and health.

The FCC's limits, and the NCRP and ANSI/IEEE limits on which they are based, are
derived from exposure criteria quantified in terms of specific absorption rate (SAR).basis
for these limits is a whole-body averaged SAR threshold level of 4 watts per kilogram (4 W/kg),
as averaged over the entire mass of the body, above which expert organizations have determined
that potentially hazardous exposures may occur. The new MPE limits are derived by
incorporating safety factors that lead, in some cases, to limits that are more conservative than the
limits originally adopted by the FCC in 1985. Where more conservative limits exist they do not
arise from a fundamental change in the RF safety criteria for whole-body averaged SAR, but
from a precautionary desire to protect subgroups of the general population who, potentially, may
be more at risk.

The new FCC exposure limits are also based on data showing that the human body
absorbs RF energy at some frequencies more efficiently than at others. As indicated by Table 1
in Appendix A, the most restrictive limits occur in the frequency range of 30-300 MHz where
whole-body absorption of RF energy by human beings is most efficient. At other frequencies
whole-body absorption is less efficient, and, consequently, the MPE limits are less restrictive.

MPE limits are defined in terms of power density (units of milliwatts per centimeter
squared: mWY/cR), electric field strength (units of volts per meter: V/m) and magnetic field
strength (units of amperes per meter: A/m). In the far-field of a transmitting antenna, where the
electric field vector (E), the magnetic field vector (H), and the direction of propagation

" See Reference ANSI/IEEE C95.1-1992, "Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz." Copyright 1992, The Institute of Electrical and Electronics
Engineers, Inc., New York, NY. The 1992 ANSI/IEEE exposure guidelines for field strength and power density are
similar to those of NCRP Report No. 86 for most frequencies except those above 1.5 GHz.

8 Specific absorption rate is a measure of the rate of energy absorption by the body. SAR limits are specified
for both whole-body exposure and for partial-body or localized exposure (generally specified in terms of spatial
peak values).



can be considered to be all mutually orthogonal ("plane-wave" conditions), these quantities are
related by the following equation.

S = E® - 37.7 H? (1)
3770 '

where: S = power density (mW/én
E = electric field strength (V/m)
H = magnetic field strength (A/m)

In the near-field of a transmitting antenna the term "far-field equivalent" or "plane-wave
equivalent” power density is often used to indicate a quantity calculated by using the near-field
values of Eor H as if they were obtained in the far-field. As indicated in Table 1 of Appendix
A, for near-field exposures the values of plane-wave equivalent power density are given in some
cases for reference purposes only. These values are sometimes used as a convenient comparison
with MPEs for higher frequencies and are displayed on some measuring instruments.

The FCC guidelines incorporate two separate tiers of exposure limits that are dependent
on the situation in which the exposure takes place and/or the status of the individuals who are
subject to exposure. The decision as to which tier applies in a given situation should be based on
the application of the following definitions.

Occupational/controlledexposure limits apply to situations in which persons are exposed
as a consequence of their employment and in which those persons who are exposed have been
made fully aware of the potential for exposure and can exercise control over their exposure.
Occupational/controlled exposure limits also apply where exposure is of a transient nature as a
result of incidental passage through a location where exposure levels may be above general
population/uncontrolled limits (see below), as long as the exposed person has been made fully
aware of the potential for exposure and can exercise control over his or her exposure by leaving
the area or by some other appropriate means. As discussed later, the occupational/controlled
exposure limits also apply to amateur radio operators and members of their immediate
household.

General population/uncontrollegxposure limits apply to situations in which the general
public may be exposed or in which persons who are exposed as a consequence of their
employment may not be made fully aware of the potential for exposure or cannot exercise control
over their exposure. Therefore, members of the general public would always be considered
under this category when exposure is not employment-related, for example, in the case of a
telecommunications tower that exposes persons in a nearby residential area.

o Note that this equation is written so that power density is expressed in units of m\Wharimpedance

of free space, 377 ohms, is used in deriving the equation.
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For purposes of applying these definitions, awareness of the potential for RF exposure in
a workplace or similar environment can be provided through specific training as part of an RF
safety program. Warning signs and labels can also be used to establish such awareness as long as
they provide information, in a prominent manner, on risk of potential exposure and instructions
on methods to minimize such exposure Hsidowever, warning labels placed on low-power
consumer devices such as cellular telephones are not considered sufficient to achieve the
awareness necessary to qualify these devices as operating under the occupational/controlled
category. In those situations the general population/uncontrolled exposure limits will apply.

A fundamental aspect of the exposure guidelines is that they apply to power densities or
the squares of the electric and magnetic field strengths that are spatially averaged over the body
dimensions. Spatially averaged RF field levels most accurately relate to estimating the whole-
body averaged SAR that will result from the exposure and the MPEs specified in Table 1 of
Appendix A are based on this concept. This means that local values of exposures that exceed the
stated MPEs may not be related to non-compliance if the spatial average of RF fields over the
body does not exceed the MPEs. Further discussion of spatial averaging as it relates to field
measurements can be found in Section 3 of this bulletin and in the ANSI/IEEE and NCRP
reference documents noted there.

Another feature of the exposure guidelines is that exposures, in terms of power density,
E? or H, may be averaged over certain periods of time with the average not to exceed the limit
for continuous exposure. As shown in Table 1 of Appendix A, the averaging time for
occupational/controlled exposures is 6 minutes, while the averaging time for general
population/uncontrolled exposures is 30 minutes. It is important to note that for general
population/uncontrolled exposures it is often not possible to control exposures to the extent that
averaging times can be applied. In those situations, it is often necessary to assume continuous
exposure.

As an illustration of the application of time-averaging to occupational/controlled
exposure consider the following. The relevant interval for time-averaging for
occupational/controlled exposures is six minutes. This means, for example, that during any
given six-minute period a worker could be exposed to two times the applicable power density
limit for three minutes as long as he or she were not exposed at all for the preceding or following
three minutes. Similarly, a worker could be exposed at three times the limit for two minutes as
long as no exposure occurs during the preceding or subsequent four minutes, and so forth.

0 For example, a sign warning of RF exposure risk and indicating that individuals should not remain in the
area for more than a certain period of time could be acceptable. Reference [3] provides information on acceptable
warning signs.

1 Note that although the FCC did not explicitly adopt limitsdeakpower density, guidance on these types
of exposures can be found in Section 4.4 of the ANSI/IEEE C95.1-1992 standard.
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This concept can be generalized by considering Equation (2) that allows calculation of
the allowable time(s) for exposure at [a] given power density level(s) during the appropriate
time-averaging interval to meet the exposure criteria of Table 1 of Appendix A. The sum of the
products of the exposure levels and the allowed times for exposure must equal the product of the
appropriate MPE limit and the appropriate time-averaging interval.

Z Sexp t exp - S/imit t avg (2)

where: S power density level of exposure (MW/Rm

Smi = appropriate power density MPE limit (mW//Rm
to, = allowable time of exposure foy, S
t.wg = appropriate MPE averaging time

For the example given above, if the MPE limit is 1 mW/dimen the right-hand side of
the equation becomes 6 mW-minfofh mW/cnf X 6 min). Therefore, if an exposure level is
determined to be 2 mW/cthe allowed time for exposure at this level during any six-minute
interval would be a total of 3 minutes, since the left side of the equation must equal 6 (2’mW/cm
X 3 min). Of course, many other combinations of exposure levels and times may be involved
during a given time-averaging interval. However, as long as the sum of the products on the left
side of the equation equals the right side aierageexposure will comply with the MPE limit.
It is very important to remember that time-averaging appliasyanterval of t, . Therefore, in
the above example, consideration would have to be given to the exposure situation both before
and after the allowed three-minute exposure. The time-averaging interval can be viewed as a
"sliding" period of time, six minutes in this case.

Another important point to remember concerning the FCC's exposure guidelines is that
they constitutexposurelimits (notemissionlimits), and they are relevant only to locations that
areaccessibldo workers or members of the public. Such access can be restricted or controlled
by appropriate means such as the use of fences, warning signs, etc., as noted above. For the case
of occupational/controlled exposure, procedures can be instituted for working in the vicinity of
RF sources that will prevent exposures in excess of the guidelines. An example of such
procedures would be restricting the time an individual could be near an RF source or requiring
that work on or near such sources be performed while the transmitter is turned off or while power
is appropriately reduced. In the case of broadcast antennas, the use of auxiliary antennas could
prevent excessive exposures to personnel working on or near the main antenna site, depending on
the separation between the main and auxiliary antennas. Section 4 of this bulletin should be
consulted for further information on controlling exposure to comply with the FCC guidelines.
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Applicability of New Guidelines

The FCC's environmental rules regarding RF exposure identify particular categories of
existing and proposed transmitting facilities, operations and devices for which licensees and
applicants are required to conduct an initial environmental evaluation, and prepare an
Environmental Assessment if the evaluation indicates that the transmitting facility, operation or
device exceeds or will exceed the FCC's RF exposure guidelines. For transmitting facilities,
operations and devices not specifically identified, the Commission has determined, based on
calculations, measurement data and other information, that such RF sources offer little potential
for causing exposures in excess of the guidelines. Therefore, the Commission "categorically
excluded" applicants and licensees from the requirement to perform routine, initial
environmental evaluations of such sources to demonstrate compliance with our guidelines.
However, the Commission still retains the authority to request that a licensee or an applicant
conduct an environmental evaluation and, if appropriate, file environmental information
pertaining to an otherwise categorically excluded RF source if it is determined that there is a
possibility for significant environmental impact due to RF expoSure.

In that regard, all transmitting facilities and devices regulated by this Commission that
are the subject of an FCC decision or action (e.g., grant of an application or response to a petition
or inquiry) are expected to comply with the appropriate RF radiation exposure guidelines, or, if
not, to file an Environmental Assessment (EA) for review under our NEPA procedures, if such is
required. It is important to emphasize that the categorical exclusionstaeclusions from
compliancebut, rather, exclusions from performing routine evaluations to demonstrate
compliance. Normally, the exclusion from performing a routine evaluation will be a sufficient
basis for assuming compliance, unless an applicant or licensee is otherwise notified by the
Commission or has reason to believe that the excluded transmitter or facility encompasses
exceptional characteristics that could cause non-compliance.

It should also be stressed that even though a transmitting source or facility may not be
categorically excluded from routine evaluation, no further environmental processing is required
once it has been demonstrated that exposures are within the guidelines, as specified in Part 1 of
our rules. These points have been the source of some confusion in the past among FCC licensees
and applicants, some of whom have been under the impression that filing an EA is always
required.

In adopting its new exposure guidelines, the Commission also adopted new rules
indicating which transmitting facilities, operations and devices will be categorically excluded
from performing routine, initial evaluations. The new exclusion criteria are based on such
factors as type of service, antenna height, and operating power. The new criteria were adopted in
an attempt to obtain greater consistency and scientific rigor in determining requirements for RF
evaluation across the various FCC-regulated services.

»  See47 CFR 8§ 1.1307(c) and (d).
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Routine environmental evaluation for RF exposure is required for transmitters, facilities
or operations that are included in the categories listed in Table 2 of Appendix A or in FCC rule
parts 2.1091 and 2.1093 (for portable and mobile devices). This requirement applies to some,
but not necessarily all, transmitters, facilities or operations that are authorized under the
following parts of our rules: 5, 15, 21 (Subpart K), 22 (Subpart E), 22 (Subpart H), 24, 25, 26,
27, 73, 74 (Subparts A, G, |, and L), 80 (ship earth stations), 90 (paging operations and
Specialized Mobile Radio), 97 and 101 (Subpart L). Within a specific service category,
conditions are listed in Table 2 of Appendix A to determine which transmitters will be subject to
routine evaluation. These conditions are generally based on one or more of the following
variables: (1) operating power, (2) location, (3) height above ground of the antenna and
characteristics of the antenna or mode of transmission. In the case of Part 15 devices, only
devices that transmit on millimeter wave frequencies and unlicensed Personal Communications
Service (PCS) devices are covered, as noted in rule parts 2.1091 and 2.1093 (see section on
mobile and portable devices of Appendix A).

Transmitters and facilities not included in the specified categories are excluded from
routine evaluation for RF exposure. We believe that such transmitting facilities generally pose
little or no risk for causing exposures in excess of the guidelines. However, as noted above, in
exceptional cases the Commission may, on its own merit or as the result of a petition, require
environmental evaluation of transmitters or facilities even though they are otherwise excluded
from routine evaluation. Also, at multiple-transmitter sites applications for non-excluded
transmitters should consider significant contributions of other co-located transmitters (see
discussion of multiple-transmitter evaluation in Section 2).

If a transmitter operates using relatively high power, and there is a possibility that
workers or the public could have access to the transmitter site, such as at a rooftop site, then
routine evaluation is justified. In Table 2 of Appendix A, an attempt was made to identify
situations in the various services where such conditions could prevail. In general, at rooftop
transmitting sites evaluation will be required if power levels are above the values indicated in
Table 2 of Appendix A. These power levels were chosen based on generally "worst-case”
assumptions where the most stringent uncontrolled/general population MPE limit might be
exceeded within several meters of transmitting antennas at these power levels. In the case of
paging antennas, the likelihood that duty factors, although high, would not normally be expected
to be 100% was also considered. Of course, if procedures are in place at a site to limit
accessibility or otherwise control exposure so that the safety guidelines are met, then the site is in
compliance and no further environmental processing is necessary under our rules.

Tower-mounted ("non-rooftop™) antennas that are used for cellular telephone, PCS, and
Specialized Mobile Radio (SMR) operations warrant a somewhat different approach for
evaluation. While there is no evidence that typical installations in these services cause ground-
level exposures in excess of the MPE limits, construction of these towers has been a topic of
ongoing public controversy on environmental grounds, and we believe it necessary to ensure that
there is no likelihood of excessive exposures from these antennas. Although we believe there is
no need to require routine evaluation of towers where antennas are mounted high above the
ground, out of an abundance of caution the FCC requires that tower-mounted
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installations be evaluated if antennas are mounted lower than 10 meters above ground and the
total power of all channels being used is over 1000 watts effective radiated power (ERP), or 2000
W ERP for broadband PC3.These height and power combinations were chosen as thresholds
recognizing that a theoretically "worst case" site could use many channels and several thousand
watts of power. At such power levels a height of 10 meters above ground is not an unreasonable
distance for which an evaluation generally would be advisable. For antennas mounted higher
than 10 meters, measurement data for cellular facilities have indicated that ground-level power
densities are typically hundreds to thousands of times below the new MPE limits.

In view of the expected proliferation of these towers in the future and possible use of
multiple channels and power levels at these installations, and to ensure that tower installations
are properly evaluated when appropriate, we have instituted these new requirements for this
limited category of tower-mounted antennas in these services. For consistency we have
instituted similar requirements for several other services that could use relatively high power
levels with antennas mounted on towers lower than 10 meters above ground.

Paging systems operated under Part 22 (Subpart E) and Part 90 of our rules previously
have been categorically exempted from routine RF evaluation requirements. However, the
potential exists that the new, more restrictive limits may be exceeded in accessible areas by
relatively high-powered paging transmitters with rooftop anteffh@ese transmitters may
operate with high duty factors in densely populated urban environments. The record and our
own data indicate the need for ensuring appropriate evaluation of such facilities, especially at
multiple transmitter sites. Accordingly, paging stations authorized under Part 22 (Subpart E) and
Part 90 are also subject to routine environmental evaluation for RF exposure if an antenna is
located on a rooftop and if its ERP exceeds 1000 watts.

Mobile and Portable Devices

As noted in Appendix A, mobile and portable transmitting devices that operate in the
Cellular Radiotelephone Service, the Personal Communications Services (PCS), the General
Wireless Communications Service, the Wireless Communication Service, the Satellite
Communications services, the Maritime Services (ship earth stations only) and Specialized
Mobile Radio Service authorized, respectively, under Part 22 (Subpart H), Part 24, Part 25, Part
26, Part 27, Part 80, and Part 90 of the FCC's Rules are subject to routine environmental
evaluation for RF exposure prior to equipment authorization or use. Unlicensed PCS, NIl and
millimeter wave devices are also subject to routine environmental evaluation for RF exposure

¥ For broadband PCS, 2000 W is used as a threshold, instead of 1000 W, since at these operating frequencies

the exposure criteria are less restrictive by about a factor of two.

4 For example, under Part 90, paging operations in the 929-930 MHz band may operate with power levels as

high as 3500 W ERP.
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prior to equipment authorization or use. All other mobile, portable, and unlicensed transmitting
devices are normally categorically excluded from routine environmental evaluation for RF
exposure (see Section 2 and Appendix A for further details).

For purposes of these requirements mobile devices are defined by the FCC as transmitters
designed to be used in other than fixed locations and to generally be used in such a way that a
separation distance of at least 20 centimeters is normally maintained between radiating structures
and the body of the user or nearby persons. These devices are normally evaluated for exposure
potential with relation to the MPE limits given in Table 1 of Appendix A.

The FCC defines portable devices, for purposes of these requirements, as transmitters
whose radiating structures are designed to be used within 20 centimeters of the body of the user.
As explained later, in Section 2 and in Appendix A, portable devices are to be evaluated with
respect to limits for specific absorption rate (SAR).

Operations in the Amateur Radio Service

In the FCC's recerReport and Ordercertain amateur radio installations were made
subject to routine evaluation for compliance with the FCC's RF exposure guidelines,
amateur licensees will be expected to demonstrate their knowledge of the FCC guidelines
through examinations. Applicants for new licenses and renewals also will be required to
demonstrate that they have read and that they understand the applicable rules regarding RF
exposure. Before causing or allowing an amateur station to transmit from any place where the
operation of the station could cause human exposure to RF radiation levels in excess of the FCC
guidelines amateur licensees are now required to take certain actions. A routine RF radiation
evaluation is required if the transmitter power of the station exceeds the levels shown in Table 1
and specified in 47 CFR § 97.13(c){i)Otherwise the operation is categorically excluded from
routine RF radiation evaluation, except as a result of a specific motion or petition as specified in
Sections 1.1307(c) and (d) of the FCC's Rules, (see earlier discussion in Section 1 of this
bulletin).

The Commission'Report and Ordeimstituted a requirement that operator license
examination question pools will include questions concerning RF safety at amateur stations. An
additional five questions on RF safety will be required within each of three written examination
elements. The Commission also adopted the proposal of the American Radio

15 seepara. 160 oReport and OrderET Dkt 93-62. See alsp47 CFR § 97.13, as amended.

®  These levels were chosen to roughly parallel the frequency of the MPE limits of Table 1 in Appendix A.
These levels were modified from the Commission's original decision establishing a flat 50 W power threshold for
routine evaluation of amateur statiqsse Second Memorandum Opinion and OrH&rDocket 93-62, FCC 97-

303, adopted August 25, 1997).
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TABLE 1. Power thresholds for routine evaluation of amateur radio stations.

Wavelength Band

Transmitter Power
waltts

160 m 500
HF
80 m 500
/5m 500
40 m 500
30m 425
20m 225
17m 125
15 m 100
12 m 75
10 m 50
VHF (all bands) 50
1 |
UHF
70 cm 70
33cm 150
23 cm 200
13 cm 250
SHF (all bands) 250
EHF (all bands) 250




Relay League (ARRL) that amateur operators should be required to certify, as part of their
license application process, that they have read and understand our bulletins and the relevant
FCC rules.

When routine evaluation of an amateur station indicates that exposure to RF fields could
be in excess of the exposure limits specified by the FCC (see Appendix A), the licensee must
take action to correct the problem and ensure compliance (see Section 4 of this bulletin on
controlling exposure). Such actions could be in the form of modifying patterns of operation,
relocating antennas, revising a station's technical parameters such as frequency, power or
emission type or combinations of these and other remedies.

In complying with the CommissionReport and Orderamateur operators should follow
a policy of systematic avoidance of excessive RF exposure. The Commission has said that it will
continue to rely upon amateur operators, in constructing and operating their stations, to take steps
to ensure that their stations comply with the MPE limits for both occupational/controlled and
general public/uncontrolled situations, as appropriate. In that regard, amateur radio operators and
members of their immediate household are considered to
be in a "controlled environment" and are subject to the occupational/controlled MPE limits.
Neighbors who are not members of an amateur operator's household are considered to be
members of the general public, since they cannot reasonably be expected to exercise control over
their exposure. In those cases general population/uncontrolled exposure MPE limits will apply.

In order to qualify for use of the occupational/controlled exposure criteria, appropriate
restrictions on access to high RF field areas must be maintained and educational instruction in
RF safety must be provided to individuals who are members of the amateur operator's household.
Persons who are not members of the amateur operator's household but who are present
temporarily on an amateur operator's property may also be considered to fall under the
occupational/controlled designation provided that appropriate information is provided them
about RF exposure potential if transmitters are in operation and such persons are exposed in
excess of the general population/uncontrolled limits.

Amateur radio facilities represent a special case for determining exposure, since there are
many possible antenna types that could be designed and used for amateur stations. However,
several relevant points can be made with respect to analyzing amateur radio antennas for
potential exposure that should be helpful to amateur operators in performing evaluations.

First of all, the generic equations described in this bulletin can be used for analyzing
fields due to almost all antennas, although the resulting estimates for power density may be
overly-conservative in some cases. Nonetheless, for general radiators and for aperture antennas,
if the user is knowledgeable about antenna gain, frequency, power and other relevant factors, the
equations in this section can be used to estimate field strength and power density as described
earlier. In addition, other resources are available to amateur radio operators for analyzing fields
near their antennas. The ARRL Radio Amateur Handbook
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contains an excellent section on analyzing amateur radio facilities for compliance with RF
guidelines (Reference [4] ). Also, the FCC and the EPA conducted a study of several amateur
radio stations in 1990 that provides a great deal of measurement data for many types of antennas
commonly used by amateur operators (Reference [10]).

Amateur radio organizations and licensees are encouraged to develop their own more
detailed evaluation models and methods for typical antenna configurations and power/frequency
combinations. The FCC is working with the amateur radio community to develop a supplement
to this bulletin that will be designed specifically for evaluating amateur radio installations. For
example, the supplement will contain information on projected minimum exclusion distances
from typical amateur antenna installations. The supplement should be completed soon after
release of this bulletin. Once the amateur radio supplement is released by the FCC it will be
made available for downloading at the FCC's World Wide Web Site for "RF safety." Amateur
radio applicants and licensees are encouraged to monitor the Web Site for release of the
supplement. The address is: www.fcc.gov/oet/rfsafety. Information on availability of the
supplement, as well as other RF-related questions, can be directed to the FCC's "RF Safety
Program" at: (202) 418-2464 or to: rfsafety@fcc.gov.

Section 2: PREDICTION METHODS

The material in this section is designed to provide assistance in determining whether a
given facility would be in compliance with guidelines for human exposure to RF radiation. The
calculational methods discussed below should be helpful in evaluating a particular exposure
situation. However, for certain transmitting facilities, such as radio and television broadcast
stations, a specific supplement to this bulletin has been developed containing information and
compliance guidelines specific to those statidngherefore, applicants for radio and television
broadcast facilities may wish to first consult this supplement that concentrates on AM radio, FM
radio and television broadcast antennas. Applicants for many broadcast facilities should be able
to determine whether a given facility would be in compliance with FCC guidelines by simply
consulting the tables and figures in this supplement. However, in addition, with respect to
occupational/controlled exposure, all applicants should consult Section 4 of this bulletin
concerning controlling exposures that may occur during maintenance or other procedures carried
out at broadcast and other telecommunications sites.

Applicants may consult the relevant sections below, which describe how to estimate field
strength and power density levels from typical, general radiators as well as from aperture

7 Supplement A tOET Bulletin 65, Version 97-0Bdditional Information for Radio and Television

Broadcast StationsThis supplement can be downloaded from the FCC's RF Safety World Wide Web Site:
www.fcc.gov/oet/rfsafety. For further information contact the RF safety program at: +1 (202) 418-2464.
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antennas such as microwave and satellite dish antennas. The general equations given below can
be used for predicting field strength and power density in the vicinity of most antennas, including
those used for paging and in the commercial mobile radio service (CMRS). They can also be
used for making conservative predictions of RF fields in the vicinity of antennas used for

amateur radio transmissions, as discussed earlier.

Equations for Predicting RF Fields

Calculations can be made to predict RF field strength and power density levels around
typical RF sources. For example, in the case of a single radiating antenna, a prediction for power
density in the far-field of the antenna can be made by use of the general Equations (3) or (4)
below [for conversion to electric or magnetic field strength see Equation (1) in Section 1]. These
equations are generally accurate in the far-field of an antenna but will over-predict power density
in the near field, where they could be used for making a "worst case" or conservative prediction.

s- _FPG (

4 R? 3)

where: S = power density (in appropriate units, e.g. m\W/cm
P = power input to the antenna (in appropriate units, e.g., mW)
G = power gain of the antenna in the direction of interest relative to an isotropic radiator
R = distance to the center of radiation of the antenna (appropriate units, e.g., cm)

or:

EIRP
4 R? 4)

S =

where: EIRP = equivalent (or effective) isotropically radiated power

When using these and other equations care must be taken to aggelceunitsfor all
variables. For example, in Equation (3), if power density in units of mf\4cdesired then
power should be expressed in milliwatts and distance in cm. Other units may be used, but care
must be taken to use correct conversion factors when necessary. Also, it is important to note that
the power gain factofG, in Equation (3) is normallgumeric gain. Therefore,
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when power gain is expressed in logarithmic terms, i.e., dB, a conversion is required using the
relation:

aB
G=101

For example, a logarithmic power gain of 14 dB is equal to a numeric gain of 25.12.

In some cases operating power may be expressed in terms of "effective radiated power"
or "ERP" instead of EIRP. ERP is power referenced to a half-wave dipole radiator instead of to
an isotropic radiator. Therefore, if ERP is given it is necessary to convert ERP into EIRP in
order to use the above equations. This is easily done by multiplying the ERP by the factor of
1.64, which is the gain of a half-wave dipole relative to an isotropic radiator. For example, if
ERP is used in Equation (4) the relation becomes:

5. EIRP _ 164 ERP _ 041 ERP

4 R? 47 R? TR?

(5)

For a truly worst-case prediction of power density at or near a surface, such as at ground-
level or on a rooftop, 100% reflection of incoming radiation can be assumed, resulting in a
potential doubling of predicted field strength and a four-fold increase in (far-field equivalent)
power density. In that case Equations (3) and (4) can be modified to:

5. @ *PG_ PG _ EIRP

= 6
4T R? nR? nR? ©)

In the case of FM radio and television broadcast antennas, the U.S. Environmental
Protection Agency (EPA) has developed models for predicting ground-level field strength and
power density [Reference 11]. The EPA model recommends a more realistic approximation
for ground reflection by assuming a maximum 1.6-fold increase in field strength leading to an
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increase in power density of 2.56 (1.6 X 1.6). Equation (4) can then be modified to:

2.56 EIRP 0.64 EIRP
S = > = > (7)
47R TR

If ERP is used in Equation (7), the relation becomes:

0.64 EIRP _ (0.64)(1.64) ERP 1.05 ER

nR? nR? i nR? (8)

S =

It is sometimes convenient to use units of microwatts per centimeter squared fuw/cm
instead of mW/crhin describing power density. The following simpler form of Equation (8) can
be derived if power densit§, is to be expressed in units of pWfcm

33.4 ERP
S= ——— (9)
RZ

where: S = power density in uW/em
ERP = power in watts
R = distance in meters

An example of the use of the above equations follows. A station is transmitting at a
frequency of 100 MHz with a total nominal ERP (including all polarizations) of 10 kilowatts
(10,000 watts) from a tower-mounted antenna. The height to the center of radiation is 50 meters
above ground-level. Using the formulas above, what would be the calculated "worst-case" power
density that could be expected at a point 2 meters above ground (approximate head level) and at a
distance of 20 meters from the base of the tower? Note that this type of atedssisotake
into account the vertical radiation pattern of the antenna, i.e., no information on directional
characteristics of signal propagation is considered. Use of actual vertical radiation pattern data
for the antenna would most likely significantly reduce ground-level exposure predictions from
those calculated below (see later discussion), resulting in a more realistic estimate of the actual
exposure levels.

From simple trigonometry the distanRecan be calculated to be 52 meters [square root
of: (48Y + (20Y], assuming essentially flat terrain. Therefore, using Equation (9), the
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calculated conservative "worst case" power density is:

g _ 334 (10000 watts) _ . . 104 U W cm?

(52 m?

By consulting Table 1 of Appendix A it can be determined that the limit for general
population/uncontrolled exposure at 100 MHz is 0.2 m\W@n200 pW/cra Therefore, this
calculation shows that even under worst-case conditions this station would comply with the
general population/uncontrolled limits, at least at a distance of 20 meters from the tower. Similar
calculations could be made to ensure compliance at other locations, such as at the base of the
tower where the shortest direct line distance, R, to the ground would occur.

Relative Gain and Main-Beam Calculations

The above-described equations can be used to calculate fields from a variety of radiating
antennas, such as omni-directional radiators, dipole antennas and antennas incorporating
directional arrays. However, in many cases the use of equations such as Equations (3) and (4)
will result in an overly conservative "worst case” prediction of the field at a given point.
Alternatively, if information concerning an antenna's vertical radiation pattern is known, a
relative field factor (relative gain) derived from such a pattern can be incorporated into the
calculations to arrive at a more accurate representation of the field at a given point of interest.
For example, in the case of an antenna pointing toward the horizon, if the relative gain in the
main beam is 1.0, then in other directions downward from horizontal the field may be
significantly less than 1.0. Therefore, radiation from the antenna directly toward the ground may
be significantly reduced from the omni-directional case and a more realistic prediction of the
field can be obtained for the point of interest.

For example, in the calculation above, it can be shown from trigonometry that the
depression angle below horizontal of the vector corresponding to the distance, R, is about 68
For purposes of illustration, assume that the antenna in this example has its main beam pointed
approximately toward the horizon and, at a depression angle®othé8ield relative to the main
beam (relative gain) is6 dB (a factor of 0.5 in terms of field strength and 0.25 in terms of
power density). In that case the calculation above can be modified giving a more
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accurate representation of the power density at the ground-level point of interest, as follows.

334 F? ERP _ 33.4 (0.5) (10,000 watts )
R? (52 m?

S -= = about 31 pW cm?

where: F = the relative field factor (relative numeric gain)

In general, Equation (9) can be modified to:

33.4 ( F® ERP
RZ

S =

(10)

where: S = power density in pW/ém
F = relative field factor (relative numeric gain)
ERP = power in watts
R = distance in meters

When the point of interest where exposure may occur is in or near the main radiated beam
of an antenna, Equation (3) or its derivatives can be used. In other words, the factor, F, in such
cases would be assumed to be 1.0. Such cases occur when, for example, a nearby building or
rooftop may be in the main beam of a radiator. For convenience in determining exposures in
such situations, Equation (3) has been used to derive Figures 1 and 2. These figures allow a
quick determination of the power density at a given distance from an antenna in its main beam
for various levels of ERP. Intermediate ERPs can be estimated by interpolation, or the next
highest ERP level can be used as a worst case approximation.

Figure 1 assumes no reflection off of a surface. However, at a rooftop location where the
main-beam may be directed parallel and essentially along or only slightly above the surface of
the roof, there may be reflected waves that would contribute to exposure. Therefore, Figure 2
was derived for the latter case using the EPA-recommended reflection factor of @B (see
earlier discussion), and the values shown are more conservative. When using Figures 1 or 2 a
given situation should be considered on its own merits to determine which figure is more
appropriate. For rooftop locations it is also important to note that expassicesa building
can be expected to be reduced by at least 10-20 dB due to attenuation caused by building
materials in the walls and roof.

18 To convert to EIRP use the relation: EIRP = BRP.64.
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Aperture Antennas

Aperture antennas include those used for such applications as satellite-earth stations,
point-to-point microwave radio and various types of radar applications. Generally, these types of
antennas have parabolic surfaces and many have circular cross sections. They are characterized
by their high gain which results in the transmission of power in a well-defined collimated beam
with little angular divergence. Systems using aperture antennas operate at microwave
frequencies, i.e., generally above 900 MHz.

Those systems involved in telecommunications applications operate with power levels
that depend on the distance between transmit and receive antennas, the number of channels
required (bandwidth) and antenna gains of transmit and receive antennas. The antennas used
typically have circular cross sections, where antenna diameter is an important characteristic that
determines the antenna gain. With regard to some operations, such as satellite-earth station
transmitting antennas, the combination of high transmitter power and large antenna diameter
(high gain) produces regions of significant power density that may extend over relatively large
distances in the main beam. Many "dish” type antennas used for satellite-earth station
transmissions utilize the Cassegrain design in which power is fed to the antenna from a
waveguide located at the center of the parabolic reflector. Radiation from this source is then
incident on a small hyperbolic sub-reflector located between the power feed and the focal point
of the antenna and is then reflected back to the main reflector resulting in the transmission of a
collimated beam. An example of this is illustrated in Figure 3.

Collimated

/
[
‘ \ Focal Point Beam
\_~ |

Parabolic Reflector

%Hyperbolic Sub-Reflector
Feed

FIGURE 3. Cassegrain Antenna

Because of the highly directional nature of these and other aperture antennas, the
likelihood of significant human exposure to RF radiation is considerably reduced. The power
densities existing at locations where people may be typically exposed are substantially less
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than on-axis power densities. Factors that must be taken into account in assessing the potential
for exposure are main-beam orientation, antenna height above ground, location relative to where
people live or work and the operational procedures followed at the facility.

Satellite-earth uplink stations have been analyzed and their emissions measured to
determine methods to estimate potential environmental exposure levels. An empirical model has
been developed, based on antenna theory and measurements, to evaluate potential environmental
exposure from these systems [Reference 15]. In general, for parabolic aperture antennas with
circular cross sections, the following information and equations from this model can be used in
evaluating a specific system for potential environmental exposure. More detailed methods of
analysis are also acceptable. For example, see References [18] and [21].

Antenna Surface. The maximum power density directly in front of an antenna (e.g., at the
antenna surface) can be approximated by the following equation:

Ssurface - 7 (11)

where:  ,1...= Maximum power density at the antenna surface
P = power fed to the antenna
A = physical area of the aperture antenna

Near-Field Region. In the near-field, or Fresnel region, of the main beam, the power density
can reach a maximum before it begins to decrease with distance. The extent of the near-field can
be described by the following equatidh ndA in same units):

4 (12)

where: R; = extent of near-field
D = maximum dimension of antenna (diameter if circular)
A = wavelength

The magnitude of the on-axis (main beam) power density varies according to location in
the near-field. However, the maximum value of the near-field, on-axis, power density can
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be expressed by the following equation:

16nP

S - nD? (13)

nf

where: § = maximum near-field power density

n = aperture efficiency, typically 0.5-0.75
P = power fed to the antenna
D = antenna diameter

Aperture efficiency can be estimated, or a reasonable approximation for circular apertures
can be obtained from the ratio of the effective aperture area to the physical area as follows:

2
2 14
e .

’r]:

where: mn = aperture efficiency for circular apertures

G = power gain in the direction of interest relative to an isotropic radiator
A = wavelength

D = antenna diameter

If the antenna gain is not known, it can be calculated from the following equation using
the actual or estimated value for aperture efficiency:

41tnA
A2 (15)

G =

where: n = aperture efficiency

G = power gain in the direction of interest relative to an isotropic radiator
A = wavelength

A = physical area of the antenna
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Transition Region. Power density in the transition region decreases inversely with distance
from the antenna, while power density in the far-field (Fraunhofer region) of the antenna
decreases inversely with tequareof the distance. For purposes of evaluating RF exposure, the
distance to the beginning of the far-field region (farthest extent of the transition region) can be
approximated by the following equation:

~ 0.6 D?
T (16)

where: R = distance to beginning of far-field
D = antenna diameter
A = wavelength

The transition region will then be the region extending fRymcalculated from
Equation (12), tdr,. If the location of interest falls within this transition region, the on-axis

! R (17)

power density can be determined from the following equation:

where: $ = power density in the transition region
S, = maximum power density for near-field calculated above
R, = extent of near-field calculated above
R = distance to point of interest

Far-Field Region. The power density in the far-field or Fraunhofer region of the antenna pattern
decreases inversely as the square of the distance. The power density in the far-field region of the
radiation pattern can be estimated by the general equation discussed earlier:

PG
4 R? (18)

S; -

where: § = power density (on axis)
P = power fed to the antenna
G = power gain of the antenna in the direction of interest relative to an isotropic radiator
R = distance to the point of interest
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In the far-field region, power is distributed in a series of maxima and minima as a
function of the off-axis angle (defined by the antenna axis, the center of the antenna and the
specific point of interest). For constant phase, or uniform illumination over the aperture, the main
beam will be the location of the greatest of these maxima. The on-axis power densities calculated
from the above formulas represent the maximum exposure levels that the system can produce.
Off-axis power densities will be considerably less.

For off-axis calculations in the near-field and in the transition region it can be assumed
that, if the point of interest is at least one antenna diameter removed from the center of the main
beam, the power density at that point would be at least a factor of 100 (20 dB) less than the value
calculated for the equivalent distance in the main beam (see Reference [15] ).

For practical estimation of RF fields in the off-axis vicinity of aperture antennas, use of
the antenna radiation pattern envelope can be useful. For example, for the case of an earth
station in the fixed-satellite service, the Commission's Rules specify maximum allowable gain
for antenna sidelobes not within the plane of the geostationary satellite orbit, such as at ground
level In such cases, the rules require that the gain of the antenna shall lie below the envelope
defined by:

32- {25l0g,(0)} dBi for 1°<0<48&
and: -10dBi for 48<0 < 18C

Where: 6 = the angle in degrees from the axis of the main lobe
dBi = dB relative to an isotropic radiator

Use of the gain obtained from these relationships in simple far-field calculations, such as
Equation 18, will generally be sufficient for estimating RF field levels in the surrounding
environment, since the apparent aperture of the antenna is typically very small compared to its
frontal area.

Special Antenna Models

There are various antenna types for which other models and prediction methods could be
useful for evaluating the potential for exposure. To discuss models for each of the numerous
types of antennas in existence would be beyond the scope of this bulletin. However, some
specific cases and applications will be mentioned. In addition, a model that

19 See47 CFR 25.209 (a)(2).
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was developed for FM radio broadcast antennas is discussed in Supplement A to thigbulletin.

Prediction methods have been developed for certain specialized antennas used for paging,
cellular radio and personal communications services (PCS). In 1995, a study was performed for
the FCC by Richard Tell Associates, Inc., that included developing prediction methodology for
RF fields in the vicinity of such antennas, particularly those that may be
located on rooftops (see References [29] and also [22] ). In that study it was found that at
distances close to these antennas a power density model based on inverse distance was more
accurate than predictions based on the typical far-field equations such as Equations (3) and (4)
above. In other words, in these equations the f&tmuld be substituted for the factef for a
more realistic approximation of the true power density close to the antennas. The distance over
which this relation holds appears to vary with the antenna under study, but can extend for several
meters according to the Tell study.

Tell has observed that the use of a cylindrical model can be useful in evaluating RF fields
near vertical collinear dipole antennas similar to those used for cellular, PCS, paging and two-
way radio communicatiorfs. This model can also be used in estimating near-field exposures
adjacent to television and FM radio broadcast antennas where workers may be located during
tower work. In general, this model is a more accurate predictor of exposure very close to an
antenna where "far-field" equations, such as Equation 1, may significaetigredictthe RF
environment. However, as one moves away from an antenna the cylindrical model becomes
overly conservative and the far-field model becomes more accurate. The exact distance
("crossover point") where this occurs is not a simple value but depends on characteristics of the
antenna such as aperture dimension and gain. One can determine this crossover point by
calculating and plotting power densities using a far-field model and the cylindrical model
described below and finding the distance where the predictions coincide.

For Tell's cylindrical model, spatially averaged plane-wave equivalent power densities
parallel to the antenna may be estimated by dividing the net antenna input power by the surface
area of an imaginary cylinder surrounding the length of the radiating antenna. While the actual
power density will vary along the height of the antenna, the average value along its

2 Additional Information for Radio and Television Broadcast StatiSagplement A to OET Bulletin 65,

Version 97-01. This supplement will be made available for downloading from the FCC RF Safety Web Site:
www.fcc.gov/oet/rfsafety. Otherwise contact the FCC RF Safety Program at: (202) 418-2464.

2 Tell, Richard A. (1996). EME Design and Operation Considerations for Wireless Antenna Sites.
Technical report prepared for the Cellular Telecommunications Industry Association, Washington, D.C. 20036.
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length will closely follow the relation given by the following equation.

P

net

2nRh (19)

where: S = power density
ot = Net power input to the antenna

P
R = distance from the antenna
h = aperture height of the antenna

For sector-type antennas, power densities can be estimated by dividing the net input
power by that portion of a cylindrical surface area corresponding to the angular beam width of
the antenna. For example, for the case of a 120-degree azimuthal beam width, the surface area
should correspond to 1/3 that of a full cylinder. This would increase the power density near the
antenna by a factor of three over that for a purely omni-directional antenna. Mathematically, this
can be represented by Equation (20) in which the angular beam @yjgittan be taken as the
appropriate azimuthal "power dispersion” angle for a given reflector. For example, a
conservative estimate could be obtained by using the 3 dB (half-power) azimuthal beam width

for a given sectorized antenna.

5. ( 180) Pret
05,/ TR (20)
where: S = power density
P... = net power input to the antenna
0gyw = beam width of the antenna in degrees
R = distance from the antenna
h = aperture height of the antenna

Equation (20) can be used for any vertical collinear antenna, even omni-directional ones.
For omni-directional antenna,,, would be 360 degrees and Equation (20) reduces to the

simpler Equation (19) above.

Multiple-Transmitter Sites and Complex Environments

It is common for multiple RF emitters to be co-located at a given site. Antennas are often
clustered together at sites that may include a variety of RF sources such as radio and television
broadcast towers, CMRS antennas and microwave antennas. The FCC's exposure guidelines are
meant to apply to any exposure situation caused by transmitters regulated by
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the FCC. Therefore, at multiple-transmitter sites, all significant contributions to the RF
environment should be considered, not just those fields associated with one specific source.
When there are multiple transmitters at a given site collection of pertinent technical information
about them will be necessary to permit an analysis of the overall RF environment by calculation
or computer modeling. However, if this is not practical a direct measurement survey may prove
to be more expedient for assessing compliance (see Section 3 of this bulletin that deals with
measurements for more information).

The rules adopted by the FCC specify that, in general, at multiple transmitter sites actions
necessary to bring the area into compliance with the guidelines are the shared responsibility of all
licensees whose transmitters produce field strengths or power density levels at the area in
guestion in excess of 5% of the exposure limit (in terms of power density or the square of the
electric or magnetic field strength) applicable to their particular transiffittevhen performing
an evaluation for compliance with the FCC's RF guidelatlesignificant contributors to the
ambient RF environment should be considered, including those otherwise excluded from
performing routine RF evaluations, and applicants are expected to make a good-faith effort to
consider these other transmitters. For purposes of such consideration, significance can be taken
to meamany transmitter producing more than 5% of the applicable exposure limit (in terms of
power density or the square of the electric or magnetic field strength) at accessible locations.
The percentage contributions are then added to determine whether the limits are (or would be)
exceeded. If the MPE limits are exceeded, then the responsible party or parties, as described
below, must take action to either bring the area into compliance or submit an EA.

Applicants and licensees should be able to calculate, based on considerations of
frequency, power and antenna characteristics the distance from their transmitter where their
signal produces an RF field equal to, or greater than, the 5% threshold limit. The applicant or
licensee then shares responsibility for compliance in any accessible area or areas within this 5%
"contour" where the appropriate limits are found to be exceeded.

The following policy applies in the case of an application for a proposed transmitter,
facility or modification (not otherwise excluded from performing a routine RF evaluation) that
would cause non-compliancat an accessible area previously in compliance. In such a case, itis
the responsibility of the applicant to either ensure compliance or submit an EA if emissions from
the applicant's transmitter or facility would result in an exposure level at the non-complying area
that exceeds 5% of the exposure limits applicable to that transmitter or facility in terms of power
density or the square of the electric or magnetic field strength.

For a renewal applicant whose transmitter or facility (not otherwise excluded from
routine evaluation) contributes to the RF environment at an accessibleoanreaompliance
with the guidelines the following policy applies. The renewal applicant must submit an EA if
emissions from the applicant's transmitter or facility, at the area in question, result in an exposure
level that exceeds 5% of the exposure limits applicable to that particular transmitter

2 See47 C.F.R. 1.1307(b)(3), as amended.
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in terms of power density or the square of the electric or magnetic field strength. In other words,
although the renewal applicant may only be responsible for a fraction of the total exposure
(greater than 5%), the applicant (along with any other licensee undergoing renewal at the same
time) will trigger the EA process, unless suitable corrective measures are taken to prevent non-
compliance before preparation of an EA is necessary. In addition, in a renewal situation if a
determination of non-compliance is made, other co-located transmitters contributing more than
the 5% threshold level must share responsibility for compliance, regardless of whether they are
categorically excluded from routine evaluation or submission of an EA.

Therefore, at multiple-transmitter sites the various responsibilities for evaluating the RF
environment, taking actions to ensure compliance or submitting an EA may lie either with a
newcomer to the site, with a renewal applicant (or applicants) or with all significant users,
depending on the situation. In general, an applicant or licensee for a transmitter at a multiple-
transmitter site should seek answers to the following questions in order to determine compliance
responsibility.

(1) New transmitter proposed for a multiple-transmitter site.

® |s the transmitter in question already categorically excluded from routine
evaluation?

® |f yes routine evaluation of the application is not required.
e [f not excludedis the site in question already in compliance with the FCC guidelines?

e If no, the applicant must submit an EA with its application notifying the Commission
of the non-compying situation, unless measures are to be taken to ensure compliance.
Compliance is the responsibility of licensees of all transmitters that contribute to non-
complying area(s) in excess of the applicable 5% threshold at the existing site. If the
existing site is subsequently brought into compliamiteout consideration of the new
applicant then the next two questions below apply.

e |f yes would the proposed transmitter cause non-compliance at the site in question?
e |f yes the applicant must submit an EA (or submit a new EA in the situation described
above) with its application notifying the Commission of the potentially non-complying
situation, unless measures will be taken by the applicant to ensure compliance. In this
situation, it is the responsibility of the applicant to ensure compliance, since the existing
site is already in compliance.

® If no, no further environmental evaluation is required and the applicant certifies
compliance.
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(2) Renewal applicant at a multiple-transmitter site

® |s the transmitter in question already categorically excluded from routine
evaluation?

® If yes routine evaluation of the application is not required.
e If not excludedjs the site in question already in compliance with the FCC guidelines?

e If no, the applicant must submit an EA with its application notifying the Commission
of the non-compying situation, unless measures are taken to ensure compliance.
Compliance is the responsibility of licensees of all transmitters that contribute to non-
complying area(s) in excess of the applicable 5% threshold.

e If yes,no further environmental evaluation is necessary and the applicant certifies
compliance.

The Commission expects its licensees and applicants to cooperate in resolving problems
involving compliance at multiple-transmitter sites. Also, owners of transmitter sites are expected
to allow applicants and licensees to take reasonable steps to comply with the FCC's requirements.
When feasible, site owners should also encourage co-location and common solutions for
controlling access to areas that may be out of compliance. In situations where disputes arise or
where licensees cannot reach agreement on necessary compliance actions, a licensee or applicant
should notify the FCC licensing bureau. The bureau may then determine whether appropriate
FCC action is necessary to facilitate a resolution of the dispute.

The FCC's MPE limits vary with frequency. Therefore, in mixed or broadband RF fields
where several sources and frequencies are involved, the fraction of the recommended limit (in
terms of power density or square of the electric or magnetic field strength) incurred within each
frequency interval should be determined, and the sum of all fractional contributions should not
exceed 1.0, or 100% in terms of percentage. For example, consider an antenna farm with radio
and UHF television broadcast transmitters. At a given location that is accessible to the general
public it is determined that FM radio station X contributes 100 p\W/mnthe total power
density (which is 50% of the applicable 200 pyW/®PE limit for the FM frequency band).

Also, assume that FM station Y contributes an additional 50 p¥\(&% of its limit) and that a

nearby UHF-TV station operating on Channel 35 (center frequency = 599 MHz) contributes 200
HUW/cnt at the same location (which is 50% of the applicable MPE limit for this frequency of 400
UW/cnf). The sum of all of the percentage contributions then equals 125%, and the location is
not in compliance with the MPE limits for the general public. Consequently, measures must be
taken to bring the site into compliance such as restricting access to the area (see Section 4 of this
bulletin on controlling exposure).
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As noted above, in such situations it is the shared responsibility of site occupants to take
whatever actions are necessary to bring a site into compliance. In the above case, the allocation
of responsibility could be generally based on each station's percentage contribution to the overall
power density at the problem location, although such a formula for allocating responsibility is
not an FCC requirement, and other formulas may be used, as appropriate.

When attempting to predict field strength or power density levels at multiple transmitter
sites the general equations discussed in this section of the bulletin can be used at many sites,
depending on the complexity of the site. Individual contributions can often be determined at a
given location using these prediction methods, and then power densities (or squares of field
strength values) can be added together for the total predicted exposure level.

In addition, time-averaging of exposures may be possible, as explained in Section 1 of this
bulletin. For sites involving radio and television broadcast stations, the methods described in
Supplement A for broadcast stations can be used in some circumstances when a site is not overly
complex. Also, for wireless communications sites, some organizations have developed
commercially-available software for modeling sites for compliance purpbses.

When considering the contributions to field strength or power density from other RF
sources, care should be taken to ensure that such variables as reflection and re-radiation are
considered. In cases involving very complex sites predictions of RF fields may not be possible,
and a measurement survey may be necessary (see Section 3 of this bulletin).

The following example illustrates a simple situation involving multiple antennas. The
process for determining compliance for other situations can be similarly accomplished using the
techniques described in this section and in Supplement A to this bulletin that deals with radio and
television broadcast operations. However, as mentioned above, at very complex sites
measurements may be necessary.

In the simple example shown in Figure 4 it is desired to determine the power density at a
given locationX meters from the base of a tower on which are mounted two antennas. One
antenna is a CMRS antenna with several channels, and the other is an FM broadcast antenna.
The system parameters that must be known are the total ERP for each antenna and the operating
frequencies (to determine which MPE limits apply). The heights above ground level for each
antennaH1 andH2, must be known in order to calculate the distanRdéandR2, from the
antennas to the point of interest. The methods described in this section (and in Supplement A for
FM antennas) can be used to determine the power density contributions of each antenna at the
location of interest, and the percentage contributions (compared to the applicable MPE limit for
that frequency) are added together as described above to determine if the location complies with
the applicable exposure guidelines. If the location is accessible
to the public, the general/population limits apply. Otherwise occupational/controlled limits
should be used.

2 For example, the following two U.S. companies have recently begun marketing such software: (1) Richard

Tell Associates, Inc., telephone: (702) 645-3338; and (2) UniSite, telephone: (972) 348-7632.
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Another type of complex environment is a site with multiple towers. The same general
process may be used to determine compliance as described above, if appropriate.
Distances from each transmitting antenna to the point of interest must be calculated, and RF
levels should be calculated at the point of interest due to emissions from each transmitting
antenna using the most accurate model. Limits, percentages and cumulative percent of the limit
may then be determined in the same manner as for Figure 4. Figure 5 illustrates such a situation.

Another situation may involve a single antenna that creates significant RF levels at more
than one type of location. Figure 6 illustrates such a situation where exposures on a rooftop as
well as on the ground are possible. The same considerations apply here as before and can be
applied to predict RF levels at the points of interest. As mentioned previously, with respect to
rooftop environments, it is also important to remember that building attenuation can be expected
to reduce fields inside of the building by approximately 10-20 dB.

Situations where tower climbing is involved may be complicated and may require
reduction of power or shutting down of transmitters during maintenance tasks (also see Section 4
of this bulletin on controlling exposure). Climbing of AM towers involves exposure due to RF
currents induced in the body of the climber, and guidelines are available for appropriate power
reduction (see Supplement A, Section 1, dealing with AM broadcast stations). For FM, TV and
other antennas that may be mounted on towers, the highest exposures will be experienced near
the active elements of each antenna and may require shutting off or greatly reducing power when
a worker passes near the elements.

The equations in this section can also be used to calculate worst-case RF levels either
below or above antennas that are side-mounted on towers. In the example shown in Figure 7, a
more complicated situation arises when a worker is climbing an AM tower on which are
side-mounted two other antennas. In this case the safest and most conservative approach would
be to consult Supplement A, Section 1, for the appropriate AM power level to use and then to
ensure that the transmitters for the other antennas are shut down when the climber passes near
each side-mounted antenna's elements.
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Figure 4. Single tower, co-located antennas, ground-level exposure (at 2 m).
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FIGURE 5. Antennas on multiple towers contributing to RF field at point of interest.
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FIGURE 6. Single roof-top antenna, various exposure locations.
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FIGURE 7. Single tower, co-located antennas, on-tower exposure.
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Evaluating Mobile and Portable Devices

Portable and mobile devices present something of a special case with respect to
evaluating RF exposure. The user of such a device would most likely be in the near vicinity of
the RF radiator, and the predictive methods described above may not apply in all cases.
Therefore, evaluation of exposure due to these devices requires special consideration. The FCC's
rules for evaluating portable and mobile devices for RF compliance are contained in 47 CFR
§82.1091 and 2.1093 (see Appendix A).

The new FCC guidelines differentiate between devices according to their proximity to
exposed persons. In that regard, "portable” devices are defined as those devices that are designed
to be used with any part of the radiating structure of the device in direct contact with the body of
the user or within 20 cm of the body of the user under normal conditions of use. This category
would include such devices as hand-held cellular telephones that incorporate the radiating
antenna into the handpiece. "Mobile" devices are defined by the FCC as transmitting devices
designed to be used in other than fixed locations that would normally be used with radiating
structures maintained 20 cm or more from the body of the user or nearby persons. In this
context, the term "fixed location” means that the device is physically secured at one location and
is not able to be easily moved to another location.

Examples of mobile devices, as defined above, would include transportable cellular telephones
("bag" phones), cellular telephones and other radio devices that use vehicle-mounted antennas
and certain other transportable transmitting devices. Transmitting devices designed to be used by
consumers or workers that can be easily re-located, such as wireless devices associated with a
personal computer, are considered to be mobile devices if they meet the 20 centimeter separation
requirement.

Evaluation of exposure from a portable or mobile device depends on how the device is to
be used. With respect to portable devices, both the 1992 ANSI/IEEE standard and the NCRP
exposure criteria, upon which the FCC guidelines are based, permit devices designed to be used
in the immediate vicinity of the body, such as hand-held telephones, to be excluded from
compliance with the limits for field strength and power density provided that such devices
comply with the limits for specific absorption rate (SAR). Therefore, portable devices, as
defined by the FCC, are to be evaluated with respect to SAR not MPE limits. For most
consumer-type devices, such as hand-held cellular telephones, the appropriate SAR limit is 1.6
watt/kg as averaged over any one gram of tissue, defined as a tissue volume in the shape of a
cube (see Appendix A for details).

The selection of the 20-cm value for differentiating between "portable" and "mobile”
devices is based on the specification in the 1992 ANSI/IEEE standard that 20 cm should be the
minimum separation distance where reliable field measurements to determine adherence to
MPESs can be madé. Therefore, although at closer distances a determination of SAR is

24 Although ANSI/IEEE does not explicitly state a rule for determining when SAR measurements are
preferable to MPE measurements, we believe that the 20 cm distance is appropriate based on Sec. 4.3(3) of
ANSI/IEEE C95.1-1992.
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normally a more appropriate measure of exposure, for "mobile” devices, as defined above,
compliance can be evaluated with respect to MPE limits, and the generic equations of this
section, such as Equations (3) and (4), can be used for calculating exposure potential.

For portable devices SAR evaluation is routinely required by the FCC prior to equipment
authorization or use for the following categories: (1) portable telephones or portable telephone
devices to be used in the Cellular Radiotelephone Service authorized under Part 22, Subpart H of
the FCC's rules or to be used in the Private Land Mobile Radio Services for SMR systems under
Part 90 of our rules; (2) portable devices to be used in the Personal Communications Services
(PCS) authorized under Part 24; (3) portable devices that operate in the General Wireless
Communications Services or the Wireless Communications Service authorized under Parts 26
and 27; (4) portable devices to be used for earth-satellite communication authorized under Part
25 and Part 80; and (5) portable unlicensed PCS, portable unlicensed NIl and portable
millimeter-wave devices authorized under Part 15 of our rules (see Appendix A for specific rule
parts).

Mobile devices, as defined above, are to be evaluated with respect to the MPE limits
specified in Table 1 of Appendix A (and in 47 CFR § 1.1310). Evaluation prior to equipment
authorization or use is routinely required for the following mobile transmitters if the operating
frequency is 1.5 GHz or below and the effective radiated power (ERP) of the station, in its
normal configuration, will be 1.5 watts or greatar|f the operating frequency is above 1.5 GHz
and the ERP is 3 watts or more: (1) mobile telephones or portable telephone devices to be used
in the Cellular Radiotelephone Service authorized under Part 22 Subpart H of the FCC's rules or
to be used in the Private Land Mobile Radio Services for SMR systems under Part 90 of our
rules; (2) mobile devices to be used in the Personal Communications Services (PCS) authorized
under Part 24; (3) mobile devices that operate in the General Wireless Communications Services
or the Wireless Communications Service authorized under Parts 26 and 27; (4) mobile devices to
be used for earth-satellite communication authorized under Part 25 and Part 80; and (5)
unlicensed PCS, unlicensed NIl and millimeter-wave mobile devices authorized under Part 15 of
our rules.

Although the FCC's exposure criteria apply to portable and mobile devices in general, at
this time routine evaluation for compliance is not required for devices such as "push-to-talk”
portable radios and "push to talk" mobile radios used in taxicabs, business, police and fire
vehicles and used by amateur radio operators. These transmitting devices are excluded from
routine evaluation because their duty factors (percentage of time during use when the device is
transmitting) are generally low and, for mobile radios, because their antennas are normally
mounted on the body of a vehicle which provide some shielding and separation from the user.
This significantly reduces the likelihood of human exposure in excess of the RF safety guidelines
due to emissions from these transmitters. Duty factors associated with transmitting devices that
are not "push-to-talk,” such as transportable cellular telephones ("bag" phones) or cellular
telephones that use vehicle-mounted antennas, would be generally higher, and these devices are
subject to routine evaluation. Although we are not requiring routine evaluation of all portable and
mobile devices, under Sections 1.1307(c) and 1.1307(d) of the FCC's Rules, 47 CFR 1.1307(c)
and (d), the Commission reserves the right to require
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evaluation for environmental significance of any device (in this case with respect to SAR or
compliance with MPE limits).

The following guidelines should be used to determine the application of the exposure
criteria to portable and mobile devices in general. First of all, devices may generally be
evaluated based on whether they are designed to be used under occupational/controlled or
general population/uncontrolled conditions. Devices that are designed specifically to be used in
the workplace, such as many hand-held, two-way portable radios, would be considered as
operating in an occupational/controlled environment and the applicable limits for controlled
environments would apply. On the other hand, devices designed to be purchased and used
primarily by consumers, such as cellular telephones and most personal communications devices,
would be considered to operate under the general population/uncontrolled category, and limits
for uncontrolled environments would apply. Devices that can be used in either environment
would normally be required to meet uncontrolled exposure criteria.

In situations where higher exposure levels may result from unusual or inappropriate use
of a device, instructional material should be provided to the user to caution against such usage.
With regard to mobile devices that are not hand-held, labels and instructional material may be
useful as when a minimum separation distance is desired to be maintained. For example, in the
case of a cellular "bag" phone a prominent warning label as well as instructional information on
minimum required distances for compliance would be an acceptable means of ensuring that the
device is used safely.

With respect to evaluating portable devices, various publications are available that
describe appropriate measurement techniques and methods for determining SAR for compliance
purposes’ The use of appropriate numerical and computational techniques, such as FDTD
analysis, may be acceptable for demonstrating compliance with SAR values. Studies have
indicated that such technigues can be used to determine energy absorption characteristics in
exposed subjects (e.g., see Reference [24]). However, in order for numerical techniques to be
valid the basic computational algorithm and modeling of the portable device should be validated,
and appropriate models of the human body should be used which will provide reasonable
accurate estimates of SAR. Accurate models of the adult human body exist at the present time,
but developing models of devices may be more problematic. In general, numerical device and
antenna models should represent the actual device under test and should be confirmed
accordingly, e.g., with appropriate techniques, analytical data, published data or far-field
radiation patterns.

For purposes of evaluating compliance with localized SAR guidelines, portable devices
should be tested or evaluated based on normal operating positions or conditions. Because of the
location of the antenna, the antenna may be closer to the body, e.g., the head, when the

% For example, see sections of ANSI/IEEE C95.3-1992 and NCRP Report No. 119, discussed below, that
describe SAR evaluation techniques. Also, see References [5], [7], [12], [13], [14], [16], [17], [23] and [24]. Other
organizations are developing information on SAR evaluation procedures, and SAR evaluation services and systems
are commercially available.
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device is held against the left side of the head or body versus when it is held against the right
side. In such cases, there will be differences in coupling to the body resulting in higher SARs
when the device is held on one side rather than the other. Since various users may hold these
devices in either position, both positions should be tested to determine compliance.

Industry groups and other organizations are expected to develop product performance
standards and other information to ensure compliance with SAR criteria in the future. This effort
will be very helpful in facilitating the provision of compliance guidelines and services to
manufacturers and others. In that regard, a sub-committee sponsored by the IEEE has been
recently formed to develop specific and detailed recommendations for experimental and
numerical evaluation of SAR from portable devi€e$CC staff participate as members of this
sub-committee, and it is expected that the FCC will be able to use the recommendations made by
this group to provide future guidance on SAR evaludtiomn the meantime, the FCC expects to
periodically issue statements or guidance on compliance with SAR requirements pending the
issuance of any recommended protocols or guidelines from the IEEE or other organizations.
Inquiries with respect to FCC requirements for SAR evaluation should be directed to the FCC's
laboratory in Columbia, Maryland, telephone: (301) 725-1585.

For portable devices operating at frequencies above 6 GHz special considerations are
necessary. The localized SAR criteria used by the FCC, and specified in the ANSI/IEEE 1992
standard, only apply at operating frequencies between 100 kHz and 8 Gz.portable
devices that operate above 6 GHz (e.g., millimeter-wave devices) localized SAR is not an
appropriate means for evaluating exposure. At these higher frequencies, exposure from portable
devices should be evaluated in terms of power density MPE limits instead of SAR. Power
density values can be either calculated or measured, as appropriate.

If power density is to be measured at these higher frequencies to show compliance of
portable devices, a question arises as to an appropriate minimum distance at which to make such
a measurement. The ANSI/IEEE 1992 standard specifies 20 cm as a minimum separation
distance for such measurements. The guidelines delineated in NCRP No. 86 indicated that
measurements should be made at least 5 cm "from any object in théfi€l"more recent
NCRP Report 119 seems to endorse the 20 cm value, at least for the case of

% |EEE Standards Coordinating Committee 34 (IEEE SCC34), sub-committee Il. For further information
contact the IEEE at 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.

2|t should also be noted that in February 1997 the European Committee for Electrotechnical Standardization

released a CENELEC document entitled, "Considerations for Human Exposure to EMFs from Mobile
Telecommunications Equipment (MTE) in the Frequency Range 30 MHz - 6 GHz." This document contains
information and guidance on techniques for evaluating SAR compliance for RF devices.

%% ANSI/IEEE C95.1-1992, Section 4.2.

%  See Reference [20], NCRP Report No. 86 at Section 17.5.
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"secondary” source€§. In some cases, for example, near an open-ended waveguide or consumer
device operating at a millimeter-wave frequency, a 20 cm separation requirement from the
primary radiating source for measurements would not be practical for determining exposure
potential. Therefore, in such cases a 5 cm separation requirement can be justified to allow for
evaluation of potential exposure at distances closer than 20 cm. Some research relevant to this
issue has been done in the VHF band that indicates there is no practical reason why a 5 cm
minimum distance cannot be used for measuring power déhsipice a 5 cm separation

distance is already built-in to many isotropic broadband RF probes, performing measurements at
this distance is straightforward.

In view of these facts, it is appropriate to evallsith mobile and portable devices that
operate at frequencies above 6 GHz for compliance with FCC RF guidelines in terms of the FCC
MPE limits for power density. In that regard, it is appropriate to make measurements of power
density at a minimum distance of 5 cm from the radiator of a portable device to show
compliance.

Section 3: MEASURING RF FIELDS

Reference Material

In some cases the prediction methods described in Section 2 of this bulletin cannot be
used, and actual measurements of the RF field may be necessary to determine whether there is a
potential for human exposure in excess of the MPE limits specified by the FCC. For example, in
a situation such as an antenna farm, with multiple users the models discussed previously would
not always be applicable. Measurements may also be desired for cases in which predictions are
slightly greater or slightly less than the threshold for excessive exposure or when fields are likely
to be seriously distorted by objects in the field, e.g., conductive structures.

Techniques and instrumentation are available for measuring the RF environment near
broadcast and other transmitting sources. In addition, references are available which provide
detailed information on measurement procedures, instrumentation, and potential problems.
Two excellent references in this area have been published by the IEEE and by the NCRP. The
ANSI/IEEE document (ANSI/IEEE C95.3-1992) is entitled, "Recommended Practice for the
Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave,"

% Reference [21], NCRP Report 119 at Section 3.3.6.

. R.A. Tell,"An Investigation of RF Induced Hot Spots and their Significance Relative to Determining
Compliance with the ANSI Radiofrequency Protection Guitkeport prepared for the National Association of

Broadcasters, July 3, 1989.
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(Reference [2]) and the NCRP publication (NCRP Report No. 119) is entitled, "A Practical

Guide to the Determination of Human Exposure to Radiofrequency Fields" (Reference [21] ).
Both of these documents contain practical guidelines and information for performing field
measurements in broadcast and other environments, and the FCC strongly encourages their use.
Other selected references are given in the reference section of this bulletin.

Instrumentation

Instruments used for measuring radiofrequency fields may be either broadband or
narrowband devices. A typical broadband instrument responds essentially uniformly and
instantaneously over a wide frequency range and requires no tuning. A narrowband instrument
may also operate over a wide frequency range, but the instantaneous bandwidth may be limited
to only a few kilohertz, and the device must be tuned to the frequency of interest. Each type of
instrument has certain advantages and certain disadvantages, and the choice of which instrument
to use depends on the situation where measurements are being made.

All instruments used for measuring RF fields have the following basic components: (1)
an antenna to sample the field, (2) a detector to convert the time-varying output of the antenna to
a steady-state or slowly varying signal, (3) electronic circuitry to process the signal, and (4) a
readout device to display the measured field parameter in appropriate units.

The antennas most commonly used with broadband instruments are either dipoles that
respond to the electric field (E) or loops that respond to the magnetic field (H). Surface area or
displacement-current sensors that respond to the E-field are also used. In order to achieve a
uniform response over the indicated frequency range, the size of the dipole or loop must be small
compared to the wavelength of the highest frequency to be measured. Isotropic broadband probes
contain three mutually orthogonal dipoles or loops whose outpussiam@edso that the
response is independent of orientation of the probe. The output of the dipoles or loops is
converted to a proportional steady-state voltage or current by diodes or thermocouples, so that
the measured parameter can be displayed on the readout device.

As described in the first edition of this bulletin, there are certain characteristics which are
desirable in a broadband survey instrument. The major ones are as follows:

(1) The response of the instrument should be essentially isotropic, i.e., independent of
orientation, or rotation angle, of the probe.

(2) The frequency range of the instrument and the instruments response over that range
should be known. Generally this is given in terms of the error of response between certain
frequency limits, e.g._, 8.5 dB from 3 to 500 MHz.

(3) Out-of-band response characteristics of the instrument should be specified by the
manufacturer to assist the user in selecting an instrument for a particular application.
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For example, regions of enhanced response, or resonance, at frequencies outside of the band of
interest could result in error in a measurement, if signals at the resonant frequency(ies) are
present during the measurement.

(4) The dynamic range of the instrument should be at leh8tdB of the applicable
exposure guideline.

(5) The instrument's readout device should be calibrated in units that correspond to the
quantity actually being measured. An electric field probe responds to % amd=a

magnetic field probe responds to H ot Equally well in both the near-field and far-field.
However, a readout device calibrated in units of power density does not read true power
density if measurements are made in the near-field. This is because under plane-wave
conditions, in which E, H, and power density are related by a constant quantity (the wave
impedance which, for free space, is equal to 377 ohms), do not exist in the near-field
where the wave impedance is complex and generally not known. Readout devices
calibrated in "power density" actually read "far-field equivalent” power density or
"plane-wave equivalent” power density (see discussion of MPE limits in Section 1 of this
bulletin).

(6) The probe and the attached cables should only respond to the parameter being
measured, e.g. , a loop antenna element should respond to the magnetic field and should
not interact significantly with the electric field.

(7) Shielding should be incorporated into the design of the instrument to reduce or
eliminate electromagnetic interference.

(8) There should be some means, e.g., an alarm or test switch to establish that the probe
is operating correctly and that none of the elements are burned out. Also, a means should
be provided to alert the user if the measured signal is overloading the device.

(9) When the amplitude of the field is changing while measurements are being made, a
"peak-hold" circuit may be useful. Such a change in amplitude could result either from
variation in output from the source or from moving the probe through regions of the field
that are non-uniform.

(10) For analog-type meters, the face of the meter should be coated with a transparent,
conductive film to prevent false readings due to the accumulation of static charge in the
meter itself. Also, the outer surface of the probe assembly of electric-field survey
instruments should be covered with a high-resistance material to minimize errors due to
static charge buildup.

(11) The instrument should be battery operated with easily replaceable or rechargeable

batteries. A test switch or some other means should be provided to determine whether the
batteries are properly charged. The instrument should be capable of operating
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within the stated accuracy range for a time sufficient to accomplish the desired measurements
without recharging or replacing the batteries.

(12) The user should be aware of the response time of the instrument, i.e., the time
required for the instrument to reach a stable reading.

(13) The device should be stable enough so that frequent readjustment to zero
("rezeroing") is not necessary. If not equipped with automatic zeroing capability, devices
must be zeroed with the probe out of the field, either by shielding them or turning off the
RF source(s). Either method is time consuming, making stability an especially desirable
feature.

(14) If the instrument is affected by temperature, humidity, pressure, etc., the extent of
the effect should be known and taken into account.

(15) The sensor elements should be sufficiently small and the device should be free from
spurious responses so that the instrument responds correctly to the parameter being
measured, both in the near-field and in the far-field. It should be emphasized that an
instrument with a readout expressed in terms of power density will only be correct in the
far-field. However, the term "far-field equivalent” or "plane-wave equivalent" power
density is sometimes used in this context and would be acceptable as long as its meaning
is understood and it is appropriately applied to the situation of interest (see discussion in
Section 1).

(16) The instrument should respond to the average (rms) values of modulated fields
independent of modulation characteristics. With respect to measurements of pulsed
sources such as radar transmitters, many commercially-available survey instruments
cannot measure high peak-power pulsed fields accurately. In such cases, the instrument
should be chosen carefully to enable fields close to the antenna to be accurately
measured.

(17) The instrument should be durable and able to withstand shock and vibration
associated with handling in the field or during shipping. A storage case should be
provided.

(18) The accuracy of the instrument should not be affected by exposure to light or other
forms of ambient RF and low-frequency electromagnetic fields.

(19) The markings on the meter face should be sufficiently large to be easily read at
arm's length.

(20) Controls should be clearly labeled and kept to a minimum, and operating procedures
should be relatively simple.
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(21) Typical meters use high-resistance leads that can be particularly susceptible to
flexure noise when measuring fields at relatively low intensities. Therefore, when a
broadband isotropic meter is used for measuring power density levels that fall into the
lower range of detectability of the instrument (e.g., a few p\i)/dime meter should
exhibit low noise levels if such measurements are to have any meaning.

(22) When measuring fields in multiple-emitter environments, the ability of many
commonly available RF broadband survey meters to accurately measure multiple signals
of varying frequencies may be limited by how the meter sums the outputs of its diode
detectors. This can lead to over-estimates of the total RF field that may be significant.
Although such estimates can represent a "worst case,"” and are allowable for compliance
purposes, users of these meters should be aware of this possible source of error.

A useful characteristic of broadband probes used in multiple-frequency RF environments
is a frequency-dependent response that corresponds to the variation in MPE limits with
frequency. Broadband probes having such a "shaped" response permit direct assessment of
compliance at sites where RF fields result from antennas transmitting over a wide range of
frequencies. Such probes can express the composite RF field as a percentage of the applicable
MPEs.

Another practical characteristic of some RF field instruments is their ability to
automatically determine spatial averages of RF fields. Because the MPEs for exposure are given
in terms of spatial averages, it is helpful to simplify the measurement of spatially variable fields
via data averaging as the survey is being performed. Spatial averaging can be achieved via the
use of "data loggers" attached to survey meters or circuitry built into the meter.

Narrowband devices may also be used to characterize RF fields for exposure assessment.
In contrast to broadband devices, narrowband instruments may have bandwidths of only a few
hundred kilohertz or less. Narrowband instruments, such as field-strength meters and spectrum
analyzers, must be tuned from frequency to frequency, and the field level at each frequency
measured. Spectrum analyzers can be scanned over a band of frequencies, and the frequency and
peak-amplitude information can be stored and printed for later analysis. The results of all
narrowband measurements may then be combined to determine the total field.

As with broadband instruments, narrowband devices consist of basically four
components: an antenna, cables to carry the signal from the antenna, electronic circuitry to
process the output from the antenna and convert it to a steady-state signal proportional to the
parameter being measured, and a readout device. Narrowband instruments may use various
antennas, such as rods (monopoles), loops, dipoles, biconical, conical log spiral antennas or
aperture antennas such as pyramidal horns or parabolic reflectors. A knowledge of the gain, the
antenna factor, or the effective area for a particular antenna provides a means for determining the
appropriate field parameter from a measurement of voltage or power. Cable
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loss also should be taken into account. Tunable field strength meters and spectrum analyzers are
appropriate narrowband instruments to use for measuring antenna terminal voltage or power at
selected frequencies. Each has certain advantages and disadvantages.

Field Measurements

Before beginning a measurement survey it is important to characterize the exposure
situation as much as possible. An attempt should be made to determine:

(1) The frequency and maximum power of the RF source(s) in question, as well as any
nearby sources.

(2) Duty factor, if applicable, of the source(s).
(3) Areas that are accessible to either workers or the general public.

(4) The location of any nearby reflecting surfaces or conductive objects that could
produce regions of field intensification ("hot spots").

(5) For pulsed sources, such as radar, the pulse width and repetition rate and the antenna
scanning rate.

(6) If appropriate, antenna gain and vertical and horizontal radiation patterns.
(7) Type of modulation of the source(s).
(8) Polarization of the antenna(s).

(9) Whether measurements are to be made in the near-field, in close proximity to a
leakage source, or under plane-wave conditions. The type of measurement needed can
influence the type of survey probe, calibration conditions and techniques used.

If possible, one should estimate the maximum expected field levels, in order to facilitate
the selection of an appropriate survey instrument. For safety purposes, the electric field (or the
far-field equivalent power density derived from the E-field) should be measured first because the
body absorbs more energy from the electric field, and it is potentially more hazardous. In many
cases it may be best to begin by using a broadband instrument capable of accurately measuring
the total field from all sources in all directions. If the total field does not exceed the relevant
exposure guideline in accessible areas, and if the measurement technique employed is
sufficiently accurate, such a determination would constitute a showing of compliance with that
particular guideline, and further measurements would be unnecessary.
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When using a broadband survey instrument, spatially-averaged exposure levels may be
determined by slowly moving the probe while scanning over an area approximately equivalent to
the vertical cross-section (projected area) of the human body. An average can be estimated by
observing the meter reading during this scanning process or be read directly on those meters that
provide spatial averaging. Spatially averaging exposure is discussed in more detail in the
ANSI/IEEE and NCRP documents referenced above. A maximum field reading may also be
desirable, and, if the instrument has a "peak hold" feature, can be obtained by observing the peak
reading according to the instrument instructions. Otherwise, the maximum reading can be
determined by simply recording the peak during the scanning process.

The term "hot spots" has been used to describe locations where peak readings occur.
Often such readings are found near conductive objects, and the question arises as to whether it is
valid to consider such measurements for compliance purposes. According to the ANSI C95.3
guidelines (Reference [2]) measurements of field strength to determine compliance are to be
made, "at distances 20 cm or greater from any object.” Therefore, as long as the 20 cm criterion
is satisfied, such peak readings should be considered as indicative of tla¢ tieltdpoint.
However, as far asverageexposure is concerned such localized readings may not be relevant if
accessibility to the location is restricted or time spent at the location is limited (see Section 4 of
this bulletin on controlling exposure). It should be noted that most broadband survey instruments
already have a 5 cm separation built into the probe.

In many situations there may be several RF sources. For example, a broadcast antenna
farm or multiple-use tower could have several types of RF sources including AM, FM, and TV,
as well as CMRS and microwave antennas. Also, at rooftop sites many different types of CMRS
antennas are commonly present. In such situations it is generally useful to use both broadband
and narrowband instrumentation to fully characterize the electromagnetic environment.
Broadband instrumentation could be used to determine what the overall field levels appeared to
be, while narrowband instrumentation would be required to determine the relative contributions
of each signal to the total field if the broadband measurements exceed the most restrictive portion
of the applicable MPEs. The "shaped" probes mentioned earlier will also provide quantification
of the total field in terms of percentage of the MPE limits.

In cases where personnel may have close access to intermittently active antennas, for
example at rooftop locations, measurement surveys should attempt to minimize the uncertainty
associated with the duty cycle of the various communications transmitters at the site to arrive at a
conservative estimate of maximum possible exposure levels.

At broadcast sites it is important to determine whether stations have auxiliary, or stand-
by, antennas at a site in addition to their main antennas. In such cases, either the main antenna or
the auxiliary antenna, which may be mounted lower to the ground, may result in the highest RF
field levels in accessible areas, and contributions from both must be properly evaluated.

At frequencies above about 300 MHz it is usually sufficient to measure only the electric
field (E) or the mean-squared electric field. For frequencies equal to or less than 30
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MHz, for example frequencies in the AM broadcast band, measurements for determining
compliance with MPE limits require independent measuremehotfE field and the magnetic

field (H). For frequencies between 30 and 300 MHz it may be possible through analysis to show
that measurement of only one of the two fields, not both, is sufficient for determining

compliance. Further discussion of this topic can be found in Sections 4.3(2) and 6.6 of Reference
[1]. At sites with higher frequency sources, such as UHF-TV stations, only E-field

measurements should be attempted since the loop antennas used in H-field probes are subject to
out-of-band resonances at these frequencies.

In many situations a relatively large sampling of data will be necessary to spatially
resolve areas of field intensification that may be caused by reflection and multipath interference.
Areas that are normally occupied by personnel or are accessible to the public should be examined
in detail to determine exposure potential.

If narrowband instrumentation and a linear antenna are used, field intensities at three
mutually orthogonal orientations of the antenna must be obtained at each measurement point.
The values of Eor H will then be equal to the sum of the squares of the corresponding,
orthogonal field components.

If an aperture antenna is used, unless the test antenna responds uniformly to all
polarizations in a plane, e.g., a conical log-spiral antenna, it should be rotated in both azimuth
and elevation until a maximum is obtained. The antenna should then be rotated about its
longitudinal axis and the measurement repeated so that both horizontally and vertically polarized
field components are measured. It should be noted that when using aperture antennas in reflective
or near-field environments, significant negative errors may be obtained.

When making measurements, procedures should be followed which minimize possible
sources of error. For example, when the polarization of a field is known, all cables associated
with the survey instrument should be held perpendicular to the electric field in order to minimize
pickup. Ideally, non-conductive cable, e.g., optical fiber, should be used, since substantial error
can be introduced by cable pick-up.

Interaction of the entire instrument (probe plus readout device) with the field can be a
significant problem below approximately 10 MHz, and it may be desirable to use a
self-contained meter or a fiber-optically coupled probe for measuring electric field at these
frequencies. Also, at frequencies below about 1 MHz, the body of the person making the
measurement may become part of the antenna, and error from probe/cable pickup and
instrument/body interaction may be reduced by supporting the probe and electronics on a
dielectric structure made of wood, styrofoam, etc. In all cases, it is desirable to remove all
unnecessary personnel from an area where a survey is being conducted in order to minimize
errors due to reflection and field perturbation.

In areas with relatively high fields, it is a good idea to occasionally hold the probe fixed

and rotate the readout device and move the connecting cable while observing the meter reading.
Alternatively, cover the entire sensor of the probe with metal foil and observe the
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meter reading. Any significant change usually indicates pickup in the leads and interference
problems. When a field strength meter or spectrum analyzer is used in the above environments,
the antenna cable should occasionally be removed and replaced with an impedance matched
termination. Any reading on the device indicates pickup or interference.

As noted previously, substantial errors may be introduced due to zero drift. If a device is
being used which requires zeroing, it should frequently be checked for drift. This should be done
with the probe shielded with metal foil, with the probe removed from the field or, ideally, with
the source(s) shut off.

With regard to compliance with the FCC's guidelines in mixed or broadband fields where
several sources and frequencies are involved, the fraction or percentage of the recommended
limit for power density (or square of the field strength) incurred within each frequency interval
should be determined, and the sum of all contributions should not exceed 1.0 or 100% (see
discussion of this topic in Section 1 of this bulletin). As mentioned before, probes with "shaped"
responses may be useful in these environments.

Section 4: CONTROLLING EXPOSURE TO RF FIELDS

Public Exposure: Compliance with General Population/Uncontrolled MPE Limits

Studies have indicated that the majority of the United States population is normally
exposed to insignificant levels of RF radiation in the ambient environment (e.g. see References
[22] and [30]). However, there are some situations in which RF levels may be considerably
higher than the median background, and in those cases preventive measures may have to be taken
to control exposure levels.

As discussed in Section 1 of this bulletin (also see Appendix A), the FCC's guidelines for
exposure incorporate two tiers of limits, one for conditions under which the public may be
exposed ("general population/uncontrolled" exposure) and the other for exposure situations
usually involving workers ("occupational/controlled” exposure). Exposure problems involving
members of the general public are generally less common than those involving persons who may
be exposed at their place of employment, due to the fact that workers may be more likely to be in
close proximity to an RF source as part of their job. However, if potential exposure of the
general public is a problem there are several options available for ensuring compliance with the
FCC RF guidelines.

In general, in order for a transmitting facility or operation to be out of compliance with
the FCC's RF guidelines an area or areas where levels exceed the MPE limits must, first of all, be
in some wayaccessiblgo the public or to workers. This should be obvious, but there is often
confusion over aemissionlimit, e.g., a limit on field strength or power density
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at a specified distance from a radiator that always applies, axpasurelimit, that applies

anywhere people may be located. The FCC guidelines specify exposure limits not emission
limits, and that distinction must be emphasized. This is why the accessibility issue is key to
determining compliance. The MPE limits indicate levels above which people may not be safely
exposed regardless of the location where those levels occur. When accessibility to an area where
excessive levels is appropriately restricted, the facility or operation can certify that it complies

with the FCC requirements.

Restricting access is usually the simplest means of controlling exposure to areas where
high RF levels may be present. Methods of doing this include fencing and posting such areas or
locking out unauthorized persons in areas, such as rooftop locations, where this is practical.
There may be situations where RF levels may exceed the MPE limits for the general public in
remote areas, such as mountain tops, that could conceivably be accessible but are not likely to be
visited by the public. In such cases, common sense should dictate how compliance is to be
achieved. If the area of concern is properly marked by appropriate warning signs, fencing or the
erection of other permanent barriers may not be neceSsary.

In some cases, the time-averaging aspects of the exposure limits may be used by placing
appropriate restrictions on occupancy in high-field areas. However, such restrictions are often
not possible where continuous exposure of the public may occur. In general, time averaging of
exposures is usually more practical in controlled situations where occupational exposure is the
only issue.

Although restricting access may be the simplest and most cost-effective solution for
reducing public exposure, other methods are also available. Such methods may be relevant for
reducing exposure for both the general public and for workers. For example, modifications to
antennas, elevating antennas on roof-top installations or incorporation of appropriate shielding
can reduce RF fields in locations accessible to the public or to workers.

%2 standard radiofrequency hazard warning signs are commercially available from several vendors. They
incorporate the format recommended by the American National Standards Institute (ANSI) as specified in ANSI
C95.2-1982 (Reference [3]). Although the ANSI format is recommended, it is hot mandatory. Complaints have
been received concerning the lack of color durability in outdoor environments of the yellow triangle specified by
ANSI. In that regard, long-lasting and clearly visible symbols are more important than the exact color used, and the
use of the ANSI format with more durable colors may be more practical in certain environments. When signs are
used, meaningful information should be placed on the sign advising of the potential for high RF fields. In some
cases, it may be appropriate to also provide instructions to direct individuals as to how to work safely in the RF
environment of concern. U.S. vendors of RF warning and hazard signs include: National Association of
Broadcasters (800-368-5644), EMED Co., Inc. (800-442-3633) and Richard Tell Associates (702-645-3338).

¥ Regarding this issue, the Commission's Mass Media Bureau released a Public Notice, on January 28, 1986,
entitled, "Further Guidance for Broadcasters Regarding Radiofrequency Radiation and the Environment," (No.
2278). This Notice lists several typical exposure situations around broadcast sites and explains what is expected of
broadcast licensees and applicants with respect to ensuring compliance with the FCC's RF guidelines. This Notice
may be useful as guidance for other antenna sites. A summary of the major points of the 1986 Public Notice are
included as Appendix B of this bulletin. Also, another Public Notice, dealing primarily with occupational exposure,
was issued by the Mass Media Bureau on August 19. 1992 (No. 24479).
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With regard to antennas used for FM broadcast stations, the EPA found that there are
several corrective measures that may be taken to reduce ground-level field strength and power
density (Reference [11]). Some of these findings may also be relevant to other similar types of
antenna systems. EPA's examination of measured elevation patterns for several different types of
FM antennas has shown that some antennas direct much less radiation downward than others.
Therefore, in some cases a change of antenna may be an appropriate way to reduce ground-level
fields below a given level.

A more expensive, but also effective, approach for FM antennas involves modifying the
array pattern by reducing the spacing between the radiating elements. The pattern of an FM
antenna is the product of the element pattern and the array pattern. FM antennas typically use
one-wavelength spacing between elements. Because the wave from each element adds in phase
with all the other elements, at points directly beneath the elements the array pattern results in
downward radiation that can be significant and, in the case of dipole elements, could equal that in
the main beam. If the spacing is reduced to one-half wavelength spacing (for an antenna with an
even number of bays), each wave will have a counterpart which is out-of-phase. This will result
in a significant reduction in the energy radiated toward the ground.

The disadvantage of this method is that the shorter aperture that will occur with one-half
wavelength spacing reduces the overall gain of the antenna. To maintain the original gain of the
antenna, the number of elements (bays) has to be increased and, usually, doubled. Alternatively,
the spacing between elements could be reduced so that waves from element (n) and from element
(N/2 + n) are exactly out of phase, where n is a particular element in an array with a total of N
bays.

Use of the latter method would result in a smaller increase in the total number of bays
that would be necessary. However, EPA has noted that feeding such an array would be more
difficult since the length of the transmission line between bays determines phasing. For one-half
wave spacing, EPA suggests that criss-crossing the transmission line or turning alternate
elements upside down will yield proper phasing.

The EPA's report (Reference [11]) contains a table showing suggested interbay spacings
required to reduce downward radiation in the array pattern of FM antennas. Unfortunately, the
optimum spacing may differ for different types of antennas. Coupling effects may occur at
spacings of less than one wavelength that are not easy to predict theoretically. EPA has studied
this problem, and Reference [11] also contains figures showing the effects of altering spacing for
three types of FM antenna elements.

Another possible method for reducing downward radiation that has been suggested
involves using 1.5-wavelength spacing between elements. This method reportedly results in little
significant change in antenna gain.

Other actions that could be taken to reduce the potential for excessive exposure would be
raising the height of an FM or TV antenna or relocating a broadcast tower. However, such
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actions would have to take into account other factors including signal coverage, land use
limitations, and air traffic safety.

In the case of television broadcast antennas, the EPA identified two methods for reducing
potential exposure, besides the obvious method of restricting access discussed above. The first
measure that might be taken, as with FM antennas, would be a change of antenna. EPA verified,
for example, that arrays for VHF-TV antennas can be designed to minimize downward radiation
to as little as 7% of the main beam field. However, such antennas apparently are at least twice as
expensive as standard antennas. Antennas used for UHF-TV have very high gain in the main
beam and radiate relatively little directly down toward the ground. Therefore, these antennas
already are designed for minimum downward radiation. The remaining option for both VHF-TV
and UHF-TV antennas would be an increase in antenna height above ground. However, this
could involve the same difficulties as discussed above with regard to FM broadcast facilities.

With respect to AM radio broadcast stations, monopole antennas are used for
transmissions. The MPE limits in the AM broadcast band (see Appendix A) are given in terms
of electric and magnetic field strength, since significant exposures always occur in the near-field
of these antenna systems. Electric and magnetic field strengths near monopole antennas decrease
rapidly with increasing distance, and normally the MPE limits can only be exceeded very close-
in to these antennas. Therefore, exposure problems due to AM radio antennas are usually those
involving workers or others who have access to the immediate vicinity of these antennas (see
discussion below).

Occupational Exposure: Compliance with Occupational/Controlled MPE Limits

Exposure to RF fields in the workplace or in other controlled environments usually
presents different problems than does exposure of the general public. For example, with respect
to a given RF transmitting facility, a worker at that facility would be more likely to be close to
the radiating source than would a person who happens to live nearby. Although restricting
access to high RF field areas is also a way to control exposures in such situations, this may not
always be possible. In some cases a person's job may require him or her to be near an RF source
for some part of the workday. Depending on the level and time of exposure this may present a
problem with respect to compliance with the MPE limits.

In general, a locked rooftop or other appropriately restricted area that is only accessible to
workers who are "aware of" and "exercise control over" their exposure would meet the criteria
for occupational/controlled exposure, and protection would be required at the applicable
occupational/controlled MPE limits for those individuals who have access to the rooftop.
Persons who are only "transient” visitors to the rooftop, such as air conditioning technicians, etc.,
could also be considered to fall within the occupational/controlled criteria as long as they also are
"made aware" of their exposure and exercise control over their exposure (see Appendix A for
definitions of exposure tiers and MPE limits).
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As explained in Section 1 of this bulletin, the MPE limits adopted by the FCiPrere
averagedexposure limits. This means that the exposure duration should be taken into account
when evaluating a given exposure situation, and this is especially relevant for cases of
occupational/controlled exposure. For example, a person walking into an area where RF fields
exceed thabsoluteMPE limit (in terms of field strength or power density) might not exceed the
time-averagedPE limit as long as the exposure was for an appropriately short period of time
(relative to the time-averaging interval). However, if that person were to remain in the area for
an extended period it is more probable that the time-averaged limit would be exceeded.
Therefore, in order to comply with the FCC's guidelines, in some situations it may be necessary
to limit exposure in certain areas to specific periods of time. For example, in workplace
situations where extended maintenance tasks must be performed in areas where RF fields exceed
MPE limits, the work may have to be divided up and carried out during several intervals of time
so that the time-averaged exposure during each interval is acceptable. The actual exposure time
allowed during any given interval would have to be determined by use of the appropriate
averaging time specified in the guidelines (six-minutes for occupational exposure) as explained
in Section 1.

In addition to time-averaging, other means are available for controlling exposures in
occupational or controlled environments. These include reducing or shutting off power when
work is required in a high RF area, switching to an auxiliary transmitter (if available) while work
on a main system is in progress or incorporating appropriate shielding techniques to reduce
exposure.

In multiple-transmitter environments, reducing power or RF shielding may be especially
important for allowing necessary work procedures to be carried out. For example, on-tower
exposures due to nearby co-located transmitting sources may be more significant when work on
another station's tower is required. In such complex environments power reduction agreements
may often be necessary to ensure that all licensees are aware of the potential for their station to
expose other individuals at the site and site occupants are generally jointly responsible for
compliance with FCC guidelines (see discussion of multiple-transmitter sites in Section 2 of this
bulletin).

Although reduction of power at broadcasting and other telecommunications sites is one
approach to reducing personnel exposure, this may not always be possible. For example,
measurements have shown that relatively high RF fields may exist in the immediate vicinity of
high-powered antennas such as those used at FM broadcast stations (Reference [25]). If power
reduction or other measures are not practical, alternative means for protecting personnel from
excessive exposure may be necessary when access to these areas is required. In such instances,
the use of radiofrequency protective clothing may facilitate compliance with RF exposure
guidelines even in the presence of intense RF fields.

Radiofrequency protective clothing has become commercially available in recent years
that appears to effectively attenuate fields over a broad frequency band. This clothing has been
manufactured into RF protective suits that cover the entire body of the user and allow him or her
to perform maintenance and other procedures in the presence of RF fields that may
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exceed MPE limits. A recent study performed for the FCC by Richard Tell Associates, Inc.,
concluded that if properly used by appropriately trained personnel, and with adequate coupling to
ground potential, RF protective suits can provide significant reduction in whole-body RF
absorption (Reference [29]).

Recently, direct measurements of reduction in SAR afforded by one RF protective suit
were completed using a full-size human phantom filled with a dielectric fluid having the RF
absorption characteristics of biological tisstidhe SAR was determined by scanning the
interior of the body of the phantom with a robotically controlled miniature, isotropic electric-
field probe with and without the suit covering the phantom. Near-field exposure conditions were
duplicated at frequencies of 150 MHz, 450 MHz and 835 MHz. The measurement results
supported the contention that the protective suit provides a nominal minimum reduction in SAR
of 10 times or more. These measurements also were consistent with measurement data obtained
by the Deutsche Telekom Technologiezentrum (German Telekom).

Another observation from the tests performed by Tell is that the peak SAR in the
unprotected head of the phantom clothed with the protective suit did not reach the SAR limit of 8
W/kg (localized partial-body exposure limit for occupational/controlled environments) until the
150-MHz near-field exposure was 23 times the most restrictive whole-body averaged MPE limit
of 1.0 mW/cm. At 450 MHz, the maximum field incident on the unprotected head was found to
be more than 11 times the applicable MPE limit of 1.5 m\&/amd, at 835 MHz, more than 3
times the MPE limit of 2.8 mW/ctn Such data suggest that, at least in some environments,
complete coverage of the body may not be necessary for compliance with MPE limits.

In general, the use of RF protective clothing may be considered an acceptable mitigation
technique for occupational exposures as long as sufficient precautions are taken to comply with
all of the clothing manufacturer's recommendations and caveats and to ensure that use of the
clothing is confined to RF environments for which it is designed in terms of RF field intensity
and frequency range. As with any personal protective equipment, RF protective clothing should
be considered as a method of choice only when other engineering or administrative controls
cannot be used to reduce exposure or are otherwise impractical. Those employing or supervising
the wearer should ensure that the wearer has full knowledge of the proper use and limitations of
the protective clothing being used. Also, users should be knowledgeable of the approximate RF
environment before spending a prolonged period of time in areas where RF fields are believed to
significantly exceed MPE limits. Users of RF protective clothing are cautioned that, in addition
to evaluating RF field intensity and frequency considerations, they should routinely visually
inspect the clothing material for

% Tell, Richard A. (1996).SAR Evaluation of the Nap{&Suit for Use in the VHF and UHF
Telecommunications Band®resented at the International RF Safety Workshop, Schwangau, Germany, September
25-26.

% Heinrich, W. (1996).Test Method for Determining the Attentuation of RF-protective ClotHngsented
at the International RF Safety Workshop, Schwangau, Germany, September 24-26.
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indications of substantial wear, such as tears and rips, that may reduce the clothing's
effectiveness in reducing exposure. When users are climbing towers, special caution is advised
regarding possible safety hazards from RF shocks and burns, trip hazards, decreased
mobility/agility and reduced visibility (if a protective hood is worn) that may occur while

climbing.

In addition to the issue of protective clothing, Tell's 1995 study for the FCC investigated
the use of RF personal monitors that have become commercially available in recent years. These
monitors are warning devices that are worn by the user and alert him or her by an audible or
visible signal to the presence of RF fields that approach the MPE limits for
occupational/controlled exposure. The Tell study concluded that such devices can act as reliable
RF detectors and the device tested generally responded in accordance with the manufacturer's
specifications. Such devices could be especially useful in areas where multiple transmitters are
located and it may not be easy or possible to predict the presence of high RF fields. Work
procedures could be instituted requiring the wearer of such a device to leave an area or take other
precautions when the device alerts that an RF field approaching the MPE limit is present. These
monitors can be a valuable component of an RF safety program. However, they should be
viewed only as warning devices and should not be viewed as protective devices.

For workers who must occupy areas near AM broadcast antennas, MPE limits are
normally only exceeded very close to an antenna. Even for a 50 kW transmitter, distances from
an antenna of less than fifteen meters are required before field strengths are likely to approach the
FCC limits (References [26] and [33]). For multiple-tower arrays the spacing between adjacent
antennas would not be less than 35 meters, so that, as one antenna is approached, the contribution
of field strength from other antennas in the array would decrease to relatively insignificant levels.
However, if work on or immediately adjacent to a tower is required it may be necessary to
designate zones within which a worker may remain for specified periods of time appropriate for
compliance with the FCC limits.

Tuning circuits for AM broadcast antennas have been identified as a source of locally
intense magnetic fields (Reference [31]). These magnetic fields decrease rapidly with distance
from the tuning circuits but should be carefully considered when evaluating exposure very near
the base of AM towers or at other locations where such coils may be located. It should be
possible to locate the tuning circuits in such a way as to greatly reduce the potential for
exposures exceeding the FCC magnetic field limits. For example, separating the circuits from
normally accessible areas by a few meters should provide sufficient protection. Time-averaging
exposure near such coils is another method for complying with the MPE limits.

Probably the most common means by which workers at AM radio stations may be
exposed in excess of the FCC exposure guidelines occurs when persons must climb actively
transmitting AM antennas to perform maintenance tasks. Measurement surveys and studies
conducted by the FCC and the EPA have clearly indicated that significant RF currents exist in
the body of a person climbing such a tower (References [6], [27], [28] and [32]). As addressed
by the 1992 ANSI/IEEE standard, such currents can cause significant levels of RF
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absorption in the body that can be well in excess of allowable SAR thresholds (see discussion in
Section 1 of this bulletin).

Although the FCC RF exposure guidelines did not specifically adopt limits on RF body
currents, evaluation of such currents is the only practical means to control exposure of persons
climbing transmitting AM radio towers. The FCC and EPA studies referenced above include
data and models that allow a correlation to be made between the power fed into an AM antenna
and the potential current that will be induced in the body of a person climbing the antenna. This
current can be correlated with the appropriate limit on whole-body absorption specified by the
FCC's guidelines and thereby can be used as a guideline for the appropriate power reduction that
an AM station must undertake when a person is on a tower. Further information and guidance on
controlling such exposures can be found in Supplement A to this bulletin that is designed for
radio and television broadcast applications.

With regard to maintenance of FM and TV broadcast transmitters and antennas, two
situations are of particular interest and should be noted. Because currents and voltages in power
amplifier cabinets can be lethal, it is common practice that cabinet doors be closed when the
transmitter is on. However, it may not be recognized that at multiple station locations high RF
field strengths can be encountered even when the transmitter being worked on is completely shut
down. This is because the antenna for a particular station is likely to pick up high levels of
energy from other stations. That energy can be conducted to the final amplifier cubicle and
produce high field strengths and high voltages in the vicinity of the cubicle. Therefore, if
measurements are made in a multistation environment this factor should be evaluated. If such
induced field strength levels are found to be a problem, it should be possible to reduce them to
acceptable levels by either opening the RF transmission line leading to the antenna or by
bypassing the center conductor to ground of the coaxial line wherever access can be conveniently
achieved.

With regard to protecting personnel at paging and cellular antenna sites, Motorola, in
association with Richard Tell Associates, Inc., has developed a video for electromagnetic energy
awareness that is focused on wireless telecommunications service providers. Although this video
was originally produced for Motorola's use and is copyrighted, Motorola has decided to make
this video commercially available to other interested industrial &5efdso, as mentioned
earlier, software has been developed by various organizations for use in estimating RF levels and
ensuring compliance at transmitter sites, particularly rooftop sites used for personal wireless,
cellular and paging servicés.
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The title of the video is: "EME Awareness for Antenna Site Safety," ©Motorola, 1996. Copies are
available in the U.S.A. from Stephen Tell Productions (702-396-5912), or from Narda Microwave Corporation,
(516) 231-1700 (Narda Part No. 42929000).

¥ Seefootnote 23.

59



REFERENCES

NOTE: References with NTIS Order Numbers are available from the U.S. Department of
Commerce, National Technical Information Service at: 1-800-553-6847 (toll-free in U.S.A.)
or 1-703-487-4650.

[ 1] American National Standards Institute (ANSI), "Safety Levels with Respect to
Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz,"
ANSI/IEEE C95.1-1992 (previously issued as IEEE C95.1-1991). Copyright 1992 by the
Institute of Electrical and Electronics Engineers, Inc. (IEEE), New York, N.Y. 10017. For copies
contact the IEEE: 1-800-678-4333 or 1-908-981-1393.

[2] American National Standards Institute (ANSI), "Recommended Practice for the
Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave."
ANSI/IEEE C95.3-1992. Copyright 1992, The Institute of Electrical and Electronics Engineers,
Inc. (IEEE), New York, NY 10017. For copies contact the IEEE: 1-800-678-4333 or 1-908-981-
1393.

[3] American National Standards Institute (ANSI), "American National Standard Radio
Frequency Radiation Hazard Warning Symbol,” ANSI C95.2-1982. Copyright 1982, The
Institute of Electrical and Electronics Engineers, Inc., (IEEE). For copies contact the IEEE: 1-
800-678-4333 or 1-908-981-1393.

[4] American Radio Relay League (ARRL), "RF Radiation Safdtigig' ARRL Radio
Amateur Handbook For Radio AmateuiGopyright 1992 ARRL, Newington, CT 06111, USA.

[5] Balzano, Q., Garay O. and Manning, T.J. "Electromagnetic energy exposure of
simulated users of portable cellular telephonE#sEE Transactions on Vehicular Technology,
Vol. 44 (3), pp. 390-403, 1995.

[6] Cleveland, R.F., Jr., E.D. Mantiply and R.A. Tell; "A Model for Predicting Induced
Body Current in Workers Climbing AM Towers." Presented at the Twelfth Annual Meeting,
Bioelectromagnetics Society, San Antonio, Texas, 1990 (Abstracts, p. 77).

[7] Dimbylow, P.J. and S.M. Mann, "SAR Calculations in an Anatomically Realistic
Model of the Head for Mobile Communication Transceivers at 900 MHz and 1.8 GHz," Phys.
Med. Biol. 39(12): 1537-1553 (1994).

[8] Federal Communications Commission (FCC), "Guidelines for Evaluating the
Environmental Effects of Radiofrequency Radiation,” Notice of Proposed Rule M&king
Docket No. 93-62, 8 FCC Rcd 2849 (1993).

60



[9] Federal Communications Commission (FCC), "Guidelines for Evaluating the
Environmental Effects of Radiofrequency Radiation," Report and CfdeDocket 93-62, FCC
96-326, adopted August 1, 1996. 61 Federal Register 41006 (1996).

[10] Federal Communications Commission (FCC), "Measurements of Environmental
Electromagnetic Fields at Amateur Radio Stations," FCC Report No. FCC/OET ASD-9601,
February 1996. FCC, Office of Engineering and Technology (OET), Washington, D.C. 20554.
NTIS Order No. PB96-145016. Copies can also be downloaded from OET's Home Page on the
World Wide Web at: http://www.fcc.gov/oet/.

[11] Galley, P. C., and R.A. Tell, "An Engineering Assessment of the Potential Impact of
Federal Radiation Protection Guidance on the AM, FM, and TV Broadcast Services," U.S.
Environmental Protection Agency, Report No. EPA 520/6-85-011, April 1985. NTIS Order No.
PB 85-245868.

[12] Gandhi, O.P., "Some Numerical Methods for Dosimetry: Extremely Low
Frequencies to Microwave Frequencies,” Radio Science, vol. 30(1), pp. 161-177 (1995).

[13] Gandhi, O.P. and J.Y. Chen, "Electromagnetic Absorption in the Human Head from
Experimental 6-GHz Handheld Transceivers," IEEE Trans. EMC, 37: 547-558 (1995).

[14] Gandhi, O.P., G. Lazzi and C.M. Furse, "EM Absorption in the Human Head and
Neck for Mobile Telephones at 835 and 1900 MHz," IEEE Trans. on Microwave Theory and
Techniques, 44 (10), pp1884-1897, October 1996.

[15] Hankin, N., "The Radiofrequency Radiation Environment: Environmental Exposure
Levels and RF Radiation Emitting Sources,” U.S. Environmental Protection Agency,
Washington, D.C. 20460. Report No. EPA 520/1-85-014, July 1986.

[16] Kuster, N., and Q. Balzano, "Energy Absorption mechanism by biological bodies in
the near field of Dipole antennas above 300 MHz. IEEE Transactions on Vehicular Technology,
41(1), 17-23, February 1992.

[17] Kuster, N., Q. Balzano and J. Lin, Eds., Mobile Communications $S&flepman
and Hall, London, 1997.

[18] Lewis, R.L. and A.C. Newell, "An Efficient and Accurate Method for Calculating
and Representing Power Density in the Near-Zone of Microwave Antennas.” NBSIR Report No.
85-3036 (December 1985).

[19] National Council on Radiation Protection and Measurements (NCRP),
"Radiofrequency Electromagnetic Fields; Properties, Quantities and Units, Biophysical
Interaction, and Measurements,” NCRP Report No. 67, 1981. Copyright NCRP, Bethesda, MD
20814, USA. For copies contact: NCRP Publications at 1-800-229-2652.

61



[20] National Council on Radiation Protection and Measurements (NCRP), "Biological
Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields," NCRP Report No.
86, 1986. Copyright NCRP, Bethesda, MD, 20814, USA. For copies contact NCRP
Publications: 1-800-229-2652.

[21] National Council on Radiation Protection and Measurements (NCRP), "A Practical
Guide to the Determination of Human Exposure to Radiofrequency Fields,” NCRP Report No.
119, 1993. Copyright NCRP, Bethesda, MD 20814. For copies contact: NCRP Publications at:
1-800-229-2652.

[22] Petersen, R. and P. Testagrossa, "Radio-Frequency Electromagnetic Fields
Associated with Cellular-Radio Cell-Site Antennas." Bioelectromagné®cS27 (1992).

[23] Schmid, T., O. Egger and N. Kuster, "Automated E-Field Scanning System for
Dosimetric Assessments," IEEE Trans. Microwave Theory and Techniques, 44(1): 105-113,
January 1996.

[24] Sullivan, D.M., O.P. Gandhi and A. Taflove, "Use of the Finite-Difference Time-
Domain Method for Calculating EM Absorption in Man Models," IEEE Trans. on Biomedical
Engineering, 35(3): 179-186, March 1988.

[25] Tell, R. A., "A Measurement of RF Field Intensities in the Immediate Vicinity of an
FM Broadcast Station Antenna,” Technical Note ORP/EAD-76-2, U. S. Environmental
Protection Agency, January 1976. NTIS Order No. PB 257698.

[26] Tell, R.A., "Electric and Magnetic Fields and Contact Currents Near AM Standard
Broadcast Radio Stations," Richard Tell Associates, Inc., Las Vegas, NV. Contracted by Federal
Communications Commission (FCC), Office of Engineering and Technology, Washington, D.C.
20554. FCC Reference No. FCC/OET RTA 89-01, August 1989. NTIS Order No. PB89-
234850.

[27] Tell, R.A., "Induced Body Currents and Hot AM Tower Climbing: Assessing
Human Exposure in Relation to the ANSI Radiofrequency Protection Guide,” Richard Tell
Associates, Inc., Las Vegas, NV. Contracted by Federal Communications Commission (FCC),
Office of Engineering and Technology, Washington, D.C. 20554. FCC Reference No. FCC/OET
RTA 91-01, October 1991. NTIS Order No. PB92-125186.

[28] Tell, R.A., "RF Current Reduction Provided by Work Gloves at AM Radio
Broadcast Frequencies," Richard Tell Associates, Inc., Las Vegas, NV. Contracted by Federal
Communications Commission (FCC), Office of Engineering and Technology, Washington, D.C.
20554. FCC Reference No. FCC/OET RTA 93-01, September 1993, NTIS Order No. PB94-
117041

[29] Tell, R.A., "Engineering Services for Measurement and Analysis of
Radiofrequency (RF) Fields," Richard Tell Associates, Inc., Las Vegas, NV. Contracted by

62



Federal Communications Commission (FCC), Office of Engineering and Technology,
Washington, D.C. 20554. FCC Report No. OET/RTA 95-01, June 1995. NTIS Order No. PB
95-253829.

[30] Tell, R. A. and E. D. Mantiply, "Population Exposure to VHF and UHF Broadcast
Radiation in the United States," Proceedings of the IBE,68(1), pages 6-12, January 1980.

[31] Tell, R.A., and G.G. Gildore, "Assessing Personnel Exposure to Magnetic Fields
Associated with AM Radio Broadcast Tower Matching Networks," p. 505-508, NAB
Engineering Conference Proceedings, National Association of Broadcasters, Broadcast
Engineering Conference, Las Vegas, NV, April 8-12, 1988.

[32] U.S. Environmental Protection Agency, Office of Radiation Programs,
"Radiofrequency Electromagnetic Fields and Induced Currents in the Spokane, Washington
Area," EPA Report No. EPA/520/6-88/008, June 1988, NTIS Order No. PB88-244819/AS.

[33] U.S. Environmental Protection Agency, Office of Radiation Programs, "Electric and
Magnetic Fields Near AM Broadcast Towers," EPA Report No. EPA/520/6-91/020, July 1991.
NTIS Order No. PB92-101427.

63



APPENDIX A
SUMMARY OF RF EXPOSURE GUIDELINESS

This appendx summarizs the policies guidelines and requiremerd tha were adopted
by the FCC on Augud 1, 1996 amendig Pat 1 of Title 47 of the Coce of Federal
Regulationsand further amendd by action of the Commissim on Augug 25, 1997 (see 47
CFR Sectiors 1.1307(b) 1.131Q 2.109 ard 2.1093 as amended) Commissiam actions
grantirg constructim permits licenses to transmt or renewas thereof equipment
authorizatios or modificatiors in existing facilities, require the preparatio of an
Environmenta Assessmen(EA), as describe in 47 CFR Section 1.1311 if the particular
facility, operatio or transmitte would cau® human exposue to levels of radiofrequency
(RF) electromagnetifields in exces of thes limits. For exad languagesee the relevant
FCC rule sections.

FCC implementatio of the new guidelines for mobile and portabk devices became
effective Augud 7, 1996. For otha applicans ard licenses atransition period was
establishd before the new guidelines would apply. With the exceptiom of the Amateu Radio
Service the dak establishd for the end of the transitin periad is Octobe 15, 1997.
Therefore the new guidelines will apply to applicatiors filed on or after this date For the
Amateu Servie only, the new guidelines will apply to applicatiors filed on or after January
1, 1998.

Summary of Station and Transmitter Requirements

Applicatiors to the Commissim for construction permits licenses to transmt or
renewas thereof equipmenm authorizatios or modificatiors in existing facilities mud contain
a statemenor certification confirming complian@ with the limits unles the facility,
operation or transmitte is categoricaly excludel from routine evaluation as discussd below.
Technicd information showirg the bass for this statemehmud be submittel to the
Commissim upaon request.

The FCC-adoptd limits for Maximum Permissibé Exposue (MPE) are generally
basel on recommendé exposue guidelines publishal by the Nationd Councl on Radiation
Protection and Measuremest(NCRP) in "Biological Effects and Exposue Criteria for
Radiofrequeng Electromagnet Fields; NCRP Repot No. 86, Sectiors 17.4.1 17.4.1.1,
17.42 ard 17.4.3 Copyright NCRP, 1986 BethesdaMaryland 20814 In the frequency
range from 100 MHz to 1500 MHz, exposue limits for field strengh and powe densiy are
alo generaly basel on the MPE limits found in Sectio 4.1 of , "IEEE Standad for Safety
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Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz," ANSI/IEEE C95.1-1992, Copyright 1992 by the Institute of Electrical and Electronics
Engineers, Inc., New York, New York 10017, and approved for use as an American National
Standard by the American National Standards Institute (ANSI).

The FCC's MPE limits for field strength and power density are given in Table 1 (and in
47 CFR 8 1.1310) Figure 1 is a graphical representation of the limits for plane-wave (far-field)
equivalent power density versus frequency. The FCC's limits are generally applicble to
facilities, operations and transmitters regulated by the Commission, and compliance is expected
with the appropriate guidelines. Howewvertine determination of compliance with these
exposure limits (routine environmental evaluation), and preparation of an EA if the limits are
exceeded, is required only for facilities, operations and transmitters that fall into the categories
listed in Table 2, or those specified below under the headings "mobile," "unlicensed" or
"portable” devices. All other facilities, operations and transmitters are categorically excluded
from routine evaluation or preparing an EA for RF emissions, except that the Commission may,
on its own merits or as the result of a petition, complaint or inquiry, require RF environmental
evaluation of transmitters or facilities even though they are otherwise excluded [see 47 CFR
Sections 1.1307(c) and (d)].

For purposes of Table 2, the term "building-mounted antennas" means antennas mounted
in or on a building structure that is occupied as a workplace or residence. The term "power"” in
column 2 of Table 2 refers to total operating power of the transmitting operation in question in
terms of effective radiated power (ERP), equivalent isotropically radiated power (EIRP), or peak
envelope power (PEP), as defined in 47 CFR. § 2.1. For the case of the Cellular Radiotelephone
Service, 47 CFR § 22, Subpart H, the Personal Communications Service, 47 CFR § 24, and
Specialized Mobile Radio Service, 47 CFR § 90, the phrase "total power of all channels" in
column 2 of Table 2 means the sum of the ERP or EIRP of all co-located simultaneously
operating transmitters owned and operated by a single licensee.

When applying the criteria of Table 2, radiation in all directions should be considered.
For the case of transmitting facilities using sectorized transmitting antennas, applicants and
licensees should apply the criteria to all transmitting channels in a given sector, noting that for a
highly directional antenna there is relatively little contribution to ERP or EIRP summation for
other directions.

For purposes of calculating EIRP of an MDS station, the power level refers to the
cumulative EIRP of all channels. Further, this power limit assumes conventional NTSC
transmissions with 10% aural power, and refers to peak visual power. MDS stations employing
other than NTSC transmissions, e.g., digital transmissions, must apply the appropriate NTSC
peak visual to average power conversion factor for their modulation scheme in order to
determine whether the EIRP power criteria is exceeded.

In general, as specified in 47 C.F.R. 1.1307(b), as amended, when the FCC's guidelines

are exceedeith an accessible aredue to the emissions from multiple fixed transmitters the
following policy applies. Actions necessary to bring the area into compliance
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with the guidelines are the shared responsibilitglioficensees whose transmitter's contribution

to the RF environmerat the non-complying are@xceeds 5% of the exposure limit (that applies

to their particular transmitter) in terms of power density or the square of the electric or magnetic
field strength. This applies regardless of whether such transmitters would, by themselves,
normally be excluded from performing a routine environmental evaluation. Owners of

transmitter sites are expected to allow applicants and licensees to take reasonable steps to comply
with the FCC's requirements and, where feasible, should encourage co-location of transmitters
and common solutions for controlling access to areas where the RF exposure limits might be
exceeded.

The following policy applies in the case of an application for a proposed transmitter,
facility or modification (not otherwise excluded from performing a routine RF evaluation) that
would causenon-complianceat an accessible area previously in compliance. In such a case, itis
the responsibility of the applicant to submit an EA if emissions from the applicant's transmitter
or facility would cause non-compliance at the area in question. However, this applies only if the
applicant's transmitter causes exposure levels at the area in question that exceed 5% of the
exposure limits applicable to that particular transmitter in terms of power density or the square of
the electric or magnetic field strength.

For a renewal applicant whose transmitter or facility (not otherwise excluded from
routine evaluation) contributes to the RF environment at an accessibleoanreaompliance
with the guidelines the following policy applies. The renewal applicant must submit an EA if
emissions from the applicant's transmitter or facility, at the area in question, result in exposure
levels that exceed 5% of the exposure limits applicable to that particular transmitter in terms of
power density or the square of the electric or magnetic field strength. In other words, although
the renewal applicant may only be responsible for a fraction of the total exposure (greater than
5%), the applicant (along with any other licensee undergoing renewal at the same time) will
trigger the EA process, unless suitable corrective measures are taken to prevent non-compliance
before an EA is necessary. In addition, in a renewal situation if a determination of non-
compliance is made, other co-located transmitters contributing more than the 5% threshold level
must share responsibility for compliance, regardless of whether they are categorically excluded
from routine evaluation or submission of an EA.
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Table 1 LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

(A) Limits for Occupational/Controlled Exposure

Frequency Electric Field = Magnetic Field Power Density Averaging Time
Range Strength (E)  Strength (H) (S) ’|Bif or S

(MH2z) (V/m) (A/m) (mW/cnT) (minutes)

0.3-3.0 614 1.63 (100)* 6

3.0-30 1842/f 4.89/f (9007f* 6

30-300 61.4 0.163 1.0 6

300-1500 -- -- /300 6
1500-100,000 -- -- 5 6

(B) Limits for General Population/Uncontrolled Exposure

Frequency Electric Field = Magnetic Field Power Density Averaging Time
Range Strength (E)  Strength (H) (S) ’|Bif or S

(MH2z) (V/m) (A/m) (mW/cnT) (minutes)

0.3-1.34 614 1.63 (100)* 30

1.34-30 824/t 2.19/f (1807f* 30

30-300 27.5 0.073 0.2 30

300-1500 -- -- /1500 30
1500-100,000 -- -- 1.0 30

f = frequency in MHz *Plane-wave equivalent power density

NOTE 1: Occupational/controlledimits apply in situations in which persons are exposed as a
consequence of their employment provided those persons are fully aware of the potential for
exposure and can exercise control over their exposure. Limits for occupational/controlled
exposure also apply in situations when an individual is transient through a location where
occupational/controlled limits apply provided he or she is made aware of the potential for
exposure.

NOTE 2: General population/uncontrollegxposures apply in situations in which the general
public may be exposed, or in which persons that are exposed as a consequence of their
employment may not be fully aware of the potential for exposure or can not exercise control over
their exposure.
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Figure 1. FCC Limits for Maximum Permissible Exposure (MPE)
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TABLE 2: TRANSMITTERS, FACILITIES AND OPERATIONS SUBJECT TO
ROUTINE ENVIRONMENTAL EVALUATION

SERVICE (TITLE 47 CFR RULE PART)

Experimental Radio Services
(part 5)

EVALUATION REQUIRED IF:

power > 100 W ERP (164 W EIRP)

Multipoint Distribution Service
(subpart K of part 21)

non-building-mounted antenndseight
above ground level to lowest point of
antenna < 10 m argbwer > 1640 W EIRP
building-mounted antennas

power > 1640 W EIRP

Paging and Radiotelephone Service
(subpart E of part 22)

non-building-mounted antenndseight
above ground level to lowest point of
antenna < 10 m angbwer > 1000 W ERP
(1640 W EIRP)

building-mounted antennas

power > 1000 W ERP (1640 W EIRP)

Cellular Radiotelephone Service
(subpart H of part 22)

non-building-mounted antenndseight
above ground level to lowest point of
antenna < 10 m artdtal power of all
channels > 1000 W ERP (1640 W EIRP)
building-mounted antennas

total power of all channels > 1000 W ERP
(1640 W EIRP)
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TABLE 2 (cont.)

SERVICE (TITLE 47 CFR RULE PART)

Personal Communications Services
(part 24)

EVALUATION REQUIRED IF:

(1) Narrowband PCS (subpart D):
non-building-mounted antennabkeight
above ground level to lowest point of
antenna < 10 m arndtal power of all
channels > 1000 W ERP (1640 W EIRP)
building-mounted antennas

total power of all channels > 1000 W ERP
(1640 W EIRP)

(2) Broadband PCS (subpart E):
non-building-mounted antennakeight
above ground level to lowest point of
antenna < 10 m artdtal power of all
channels > 2000 W ERP (3280 W EIRP)
building-mounted antennas

total power of all channels > 2000 W ERP
(3280 W EIRP)

Satellite Communications
(part 25)

all included

General Wireless Communications Servid
(part 26)

etotal power of all channels > 1640 W EIRP|

Wireless Communications Service
(part 27)

total power of all channels > 1640 W EIRP|

Radio Broadcast Services
(part 73)

all included
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TABLE 2 (cont.)

SERVICE (TITLE 47 CFR RULE PART)

Experimental, auxiliary, and special
broadcast and other program
distributional services
(part 74)

EVALUATION REQUIRED IF:

subparts A, G, L. power >100 W ERP

subpart I:

non-building-mounted antenndweight
above ground level to lowest point of
antenna < 10 m angbwer > 1640 W EIRP
building-mounted antennas

power > 1640 W EIRP

Stations in the Maritime Services
(part 80)

ship earth stations only

Private Land Mobile Radio Services
Paging Operations
(part 90)

non-building-mounted antenndseight
above ground level to lowest point of
antenna < 10 m angbwer > 1000 W ERP
(1640 W EIRP)

building-mounted antennagower > 1000 W
ERP (1640 W EIRP)

Private Land Mobile Radio Services
Specialized Mobile Radio
(part 90)

non-building-mounted antenndweight
above ground level to lowest point of
antenna < 10 m arndtal power of all
channels > 1000 W ERP (1640 W EIRP)
building-mounted antennas

total power of all channels > 1000 W ERP
(1640 W EIRP)
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TABLE 2 (cont.)

SERVICE (TITLE 47 CFR RULE PART)

(part 97)

EVALUATION REQUIRED IF:

Amateur Radio Service transmitter output power > levels specified|

§ 97.13(c)(1) of this chapter
(see Table 1 in text)

n

Local Multipoint Distribution Service
(subpart L of part 101)

non-building-mounted antenndseight
above ground level to lowest point of
antenna < 10 m angbwer > 1640 W EIRP
building-mounted antennagpower > 1640
W EIRP

LMDS licensees are required to attach a

label to subscriber transceiver antennas that:

(1) provides adequate notice regarding
potential radiofrequency safety hazarels).,
information regarding the safe minimum

separation distance required between use(IE
s

and transceiver antennas; and (2) referen
the applicable FCC-adopted limits for
radiofrequency exposure specified in §
1.1310 of this chapter.
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Mobile and Portable Devices

Mobile and portable transmitting devices that operate in the Cellular Radiotelephone
Service, the Personal Communications Services (PCS), the Satellite Communications Services,
the Maritime Services (ship earth stations only) and the Specialized Mobile Radio (SMR)
Service are subject to routine environmental evaluation for RF exposure prior to equipment
authorization or use, as specified in 47 CFR § 2.1091 and § 2.1093. Unlicensed PCS and
millimeter wave devices are also subject to routine environmental evaluation for RF exposure
prior to equipment authorization or use, as specified in 47 C.F.R. § 15.253(f), § 15.255(g), and
§ 15.319(i). All other mobile, portable, and unlicensed transmitting devices are categorically
excluded from routine environmental evaluation for RF exposure under 47 CFR § 2.1091 and §
2.1093, except (as described previously) as specified in 47 CFR § 1.1307(c) and (d) .

(a) Mobile Devices

This section describes the requirements of Section 2.1091 of the FCC's Rules (47 CFR §
2.1091) that apply to "mobile" devices. For purposes of these requirements mobile devices are
defined as transmitters designed to be used in other than fixed locations and to generally be used
in such a way that a separation distance of at least 20 centimeters is normally maintained
between the transmitter's radiating structure(s) and the body of the user or nearby persons. In
this context, the term "fixed location" means that the device is physically secured at one location
and is not able to be easily moved to another location. Transmitting devices designed to be used
by consumers or workers that can be easily re-located, such as wireless devices associated with a
personal computer, are considered to be mobile devices if they meet the 20 centimeter separation
requirement.

Mobile devices that operate in the Cellular Radiotelephone Service, the Personal
Communications Services, the Satellite Communications Services, the General Wireless
Communications Service, the Wireless Communications Service, the Maritime Services and the
Specialized Mobile Radio Service authorized under the following parts and subparts of the FCC's
Rules: subpart H of part 22, part 24, part 25, part 26, part 27, part 80 (ship earth station devices
only) and part 90 (SMR devices only), are subject to routine environmental evaluation for RF
exposure prior to equipment authorization or use if they operate at frequencies of 1.5 GHz or
below and their effective radiated power (ERP) is 1.5 watts or more, or if they operate at
frequencies above 1.5 GHz and their ERP is 3 watts or more. Unlicensed personal
communications service devices, unlicensed millimeter wave devices and unlicensed NIl devices
authorized under FCC Rule parts 15.253, 15.255 and subparts D and E of part 15 are also subject
to routine environmental evaluation for RF exposure prior to equipment authorization or use if
their ERP is 3 watts or more or if they meet the definition of a portable device as specified
below, requiring evaluation under the provisions of 47 CFR §2.1093. All other mobile and
unlicensed transmitting devices are categorically excluded from routine environmental
evaluation for RF exposure prior to equipment authorization or use, except as specified in 47
CFR 88 1.1307(c) and 1.1307(d), as discussed previously.
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The limits to be used for evaluation of mobile and unlicensed devices (except portable
unlicensed devices) are the MPE field strength and power density limits specified in Table 1
above (and in 47 CFR 81.1310). Applications for equipment authorization must contain a
statement confirming compliance with these exposure limits as part of their application.
Technical information showing the basis for this statement must be submitted to the Commission
upon request.

All unlicensed personal communications service (PCS) devices shall be subject to the
limits for general population/uncontrolled exposure. For purposes of analyzing mobile
transmitting devices under the occupational/controlled criteria specified in Table 1, time-
averaging provisions of the guidelines may be used in conjunction with typical maximum duty
factors to determine maximum likely exposure levels. Time-averaging provisions may not be
used in determining typical exposure levels for devices intended for use by consumers in general
population/uncontrolled environments. However, "source-based" time-averaging based on an
inherent property or duty-cycle of a device is allowed. An example of this is the determination
of exposure from a device that uses digital technology such as a time-division multiple-access
(TDMA) scheme for transmission of a signal. In general, maximum average rms power levels
should be used to determine compliance.

If appropriate, compliance with exposure guidelines for mobile and unlicensed devices
can be accomplished by the use of warning labels and by providing users with information
concerning minimum separation distances from transmitting structures and proper installation of
antennas.

In some cases, for example, modular or desktop transmitters, the potential conditions of
use of a device may not allow easy classification of that device as either mobile or portable. In
such cases, applicants are responsible for determining minimum distances for compliance for the
intended use and installation of the device based on evaluation of either specific absorption rate
(SAR), field strength or power density, whichever is most appropriate.

(b) Portable Devices

This section describes the requirements of Section 2.1093 of the FCC's Rules (47 CFR
§2.1093) that apply to "portable” devices. For purposes of these requirements a portable device
is defined as a transmitting device designed to be used so that the radiating structure(s) of the
device is/are within 20 centimeters of the body of the user.

Portable devices that operate in the Cellular Radiotelephone Service, the Personal
Communications Services, the Satellite Communications Services, the General Wireless
Communications Service, the Wireless Communications Service, the Maritime Services and the
Specialized Mobile Radio Service, and authorized under the following sections of the FCC's
rules: subpart H of part 22, part 24, part 25, part 26, part 27, part 80 (ship earth

74



station devices only), part 90 (SMR devices only), and portable unlicensed personal
communication service, unlicensed NII devices and millimeter wave devices authorized under
rule parts 47 CFR 8815.253, 15.255 or subparts D and E of part 15, are subject to routine
environmental evaluation for RF exposure prior to equipment authorization or use. All other
portable transmitting devices are categorically excluded from routine environmental evaluation
for RF exposure prior to equipment authorization or use, except as specified in 47 CFR 88
1.1307(c) and (d), as discussed previously. Applications for equipment authorization of portable
transmitting devices subject to routine environmental evaluation must contain a statement or
certification confirming compliance with the limits specified below as part of their application.
Technical information showing the basis for this statement must be submitted to the Commission
upon request.

The limits to be used for evaluation are based generally on criteria published by the
Institute of Electrical and Electronics Engineers, Inc., (IEEE) for localized specific absorption
rate ("SAR") in Section 4.2 of "IEEE Standard for Safety Levels with Respect to Human
Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz," ANSI/IEEE C95.1-
1992, Copyright 1992 by the Institute of Electrical and Electronics Engineers, Inc., New York,
New York 10017. These criteria for SAR evaluation are similar to those recommended by the
National Council on Radiation Protection and Measurements (NCRP) in "Biological Effects and
Exposure Criteria for Radiofrequency Electromagnetic Fields,” NCRP Report No. 86, Section
17.4.5. Copyright NCRP, 1986, Bethesda, Maryland 20814. SAR is a measure of the rate of
energy absorption per unit mass due to exposure to an RF transmitting source. SAR values have
been related to threshold levels for potentially adverse biological effects. The criteria to be used
are specified below and shall apply for portable devices transmitting in the frequency range from
100 kHz to 6 GHz. Portable devices, as defined above, that transmit at frequencies above 6 GHz
are to be evaluated in terms of the MPE limits specified in Table 1 above (and in 47 CFR
§1.1310). Measurements and calculations to demonstrate compliance with MPE field strength or
power density limits for devices operating above 6 GHz should be made at a minimum distance
of 5 cm from the radiating source.

(1) Limits for Occupational/Controlled exposure: 0.4 W/kg as averaged over the
whole-body and spatial peak SAR not exceeding 8 W/kg as averaged over any 1 gram of tissue
(defined as a tissue volume in the shape of a cube). Exceptions are the hands, wrists, feet and
ankles where the spatial peak SAR shall not exceed 20 W/kg, as averaged over any 10 grams of
tissue (defined as a tissue volume in the shape of a cube). Occupational/Controlled limits apply
when persons are exposed as a consequence of their employment provided these persons are fully
aware of and exercise control over their exposure. Awareness of exposure can be accomplished
by use of warning labels or by specific training or education through appropriate means, such as
an RF safety program in a work environment.

(2) Limits for General Population/Uncontrolled exposure:0.08 W/kg as averaged
over the whole-body and spatial peak SAR not exceeding 1.6 W/kg as averaged over any 1 gram
of tissue (defined as a tissue volume in the shape of a cube). Exceptions are the hands, wrists,
feet and ankles where the spatial peak SAR shall not exceed 4 W/kg, as averaged over
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any 10 grams of tissue (defined as a tissue volume in the shape of a cube). General
Population/Uncontrolled limits apply when the general public may be exposed, or when persons
that are exposed as a consequence of their employment may not be fully aware of the potential
for exposure or do not exercise control over their exposure. Warning labels placed on consumer
devices such as cellular telephones will not be sufficient reason to allow these devices to be
evaluated subject to limits for occupational/controlled exposure.

Compliance with SAR limits can be demonstrated by laboratory measurement techniques
or by computational modeling, as appropriate. Methodologies and references for SAR evaluation
are described in technical publications including "IEEE Recommended Practice for the
Measurement of Potentially Hazardous Electromagnetic Fields - RF and Microwave," |IEEE
C95.3-1991, and further guidance on measurement and computational protocols is being
developed by the IEEE and others (see text of this bulletin for further discussion).

For purposes of analyzing a portable transmitting device under the
occupational/controlled criteria only, the time-averaging provisions of the MPE guidelines
identified in Table 1 above can be used in conjunction with typical maximum duty factors to
determine maximum likely exposure levels. However, assurance must be given that use of the
device will be limited to occupational or controlled situations, as defined previously.

Time-averaging provisions of the MPE guidelines identified in Table 1 may not be used
in determining typical exposure levels for portable devices intended for use by consumers, such
as hand-held cellular telephones, that are considered to operate in general
population/uncontrolled environments as defined above. However, "source-based" time-
averaging based on an inherent property or duty-cycle of a device is allowed. An example of this
would be the determination of exposure from a device that uses digital technology such as a
time-division multiple-access (TDMA) scheme for transmission of a signal. In general,
maximum average rms power levels should be used to determine compliance.
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APPENDIX B

Summary of 1986 Mass Media Bureau
Public Notice on RF Compliance

On January 28, 1986, the FCC's Mass Media Bureau released a Public Notice providing
guidance to broadcast licensees and applicants regarding compliance with the FCC's RF
exposure guideline$. The primary sections of that Public Notice are reproduced below (text in
brackets has been added or edited). Non-broadcast applicants and licensees may also find this
information helpful in evaluating compliance (see discussion in text of Section 4 on controlling
exposure).

"Most broadcasting facilities produce high RF radiation levels at one or more locations
near their antennas. That, in itself, does not mean that the facilities significantly affect
the quality of the human environment. Each situation must be examined separately to
decide whether humans are or could be exposed to high RF radiation. . . . ..
[A]ccessibility is a key factor in making such a determination. As a general principle, if
areas of high RF radiation levels are publicly marked and if access to such areas is
impeded or highly improbable (remoteness and natural barriers may be pertinent) then it
may be presumed that the facilities producing the RF radiation digmificantly affect

the quality of the human environment and do not require the filing of an [E]nvironmental
[A]lssessment. Because we wish to avoid burdening applicants with unnecessary work,
expenses and administrative filings, we offer the following guidance as to how we will
view typical situations. The term "high RF level" means an intensity of RF radiation,
whether from single or multiple sources, which exceeds the [FCC] guidelines.

Situations

(A) High RF levels are produced at one or more locations above ground level on an
applicant's tower.

- If the tower is marked by appropriate warning signs, the applicant may
assume that there is no significant effect on the human environment with
regard to exposure of the general public.

(B) High RF levels are produced at ground level in a remote area not likely to be visited
by the public.

% Further Guidance for Broadcasters Regarding Radiofrequency Radiation and the Envirolameaty
28, 1986, FCC Public Notice No. 2278.
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- If the area of concern is marked by appropriate warning signs, an
applicant may assume that there is no significant effect on the human
environment with regard to exposure of the general public. Itis
recommended that fences also be used where feasible.

(C) High RF levels are produced at ground level in an area which could reasonably be
expected to be used by the public (including trespassers).

- If the area of concern is fenced andrked by appropriate warning
signs, an applicant can assume that there is no significant effect on the
human environment with regard to exposure of the general public.

(D) High RF levels are produced at ground level in an area which is used or is likely to
be used by people and to which the applicant cannot or does not restrict access.

- The applicant must submit an [E]nvironmental [A]ssessmené$s
corrective action is taken prior to submission of an applicdtidrhis

situation may require a modification of the facilities to reduce exposure or
could lead to a denial of the application.

(E) High RF levels are produced in occupied structures, on balconies, or on rooftops
used for recreational or commercial purposes.

- The applicant must submit an [E]nvironmental [A]ssessmené$s
corrective action is taken prior to submission of an applicdtidrhe
circumstances may require a modification of the broadcasting facility to
reduce exposure or could lead to a denial of the application.

(F) High RF levels are produced in offices, studios, workshops, parking lots or other
areas used regularly by station employees.

- The applicant must submit an [E]nvironmental [A]ssessmené$s
corrective action is taken prior to submission of an applicdtiarhe
circumstances may require a modification of the facilities to reduce
exposure or the application may be denied. This situation is essentially the
same as (E). We have included it to emphasize the point that station
employees as well as the general public must be protected from high RF
levels plso, see FCC definitions used to determine application of

exposure tiers: general population/uncontrolled vs.
occupational/controlled] Legal releases signed by employees willing to
accept high exposure levels are not acceptable and may not be used in lieu
of corrective measures.

(G) High RF levels are produced in areas where intermittent maintenance and repair
work must be performed by station employees or others.
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- [FCC] guidelines also apply to workers engaged in maintenance and
repair. As long as these workers will be protected from exposure to levels
exceeding [FCC] guidelines, no [E]nvironmental [A]ssessment is needed.
Unless requested by the Commission, information about the manner in
which such activities are protected need not be filed. If protection is not to
be provided, the applicant must submit an [E]nvironmental [A]ssessment.
The circumstances may require corrective action to reduce exposure or the
application may be denied. Legal releases signed by workers willing to
accept high exposure levels are not acceptable and may not be used in lieu
of corrective measures.

The foregoing also applies to high RF levels created in whole or in part by reradiation.
A convenient rule to apply to all situations involving RF radiation is the following:

(1) Do not create high RF levels where people are or could reasonably be expected to be
present, an@?) [p]revent people from entering areas in which high RF levels are necessarily
present.

Fencing and warning signs may be sufficient in many cases to protect the general public.
Unusual circumstances, the presence of multiple sources of radiation, and operational needs will
require more elaborate measures.

Intermittent reductions in power, increased antenna heights, modified antenna radiation patterns,

site changes, or some combination of these may be necessary, depending on the particular
situation.
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Before the
Federal Communications Commission
Washington, D.C. 20554

In the Matter of
Reassessment  of Federal Communications ET Docket No. 13-84
Commission Radiofrequency Exposure Limits and
Policies
Proposed Changes in the Commission's Rules ET Docket No. 03-137

Regarding Human Exposure to Radiofrequency
Electromagnetic Fields
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COMMENTS OF RICHARD A. TELL
Submitted Auqust 27, 2013

Richard A. Tell, President of the firm of Richard Tell Associates, Inc. submits these Comments in response
to the publication of FCC 13-39, First Report and Order, Further Notice of Proposed Rule Making and
Notice of Inquiry (ET Docket No. 13-84 and ET Docket No. 03-137) released March 29, 2013 by the FCC.
Richard Tell has 46 years of experience directly related to matters of radiofrequency (RF) safety, with 20 of
those years in service to the U.S. Environmental Protection Agency (EPA) and the last 26 years in private
consulting practice of RF hazard identification, assessment and resolution. He has been a participant in the
Institute of Electrical and Electronic Engineers (IEEE) since the late 1960°s and serves as Chairman of
Subcommittee 2 (Subcommittee on Terminology, Units of Measurement, and Hazard Communications) of
the IEEE’s International Committee on Electromagnetic Safety (ICES). He is also Chairman of the IEEE
Committee on Man and Radiation (COMAR). Mr. Tell has provided RF safety support over the years to
various large scale broadcast sites including the former World Trade Center, the Empire State Building,
4Times Square, Hancock Center, Tucson Mountain and high power international broadcast sites, etc., as well
as to wireless telecommunications operators throughout the United States. Mr. Tell holds a B.S. degree in
physics and an M.S. degree in radiation sciences. He is a Life Fellow of the IEEE. His experience and
background are known to the Commission through several contracts to the Office of Engineering and
Technology on RF safety related projects. These comments are those of Richard A. Tell, personally, and not
as a representative of the IEEE or any of its committees.

These comments are presented in the order of the various paragraphs of the subject documents with the
paragraph number at the beginning of each comment.

25: The statement that “...where the compliance of a devise or transmitter installation is based on MPE
assessment and is later found to be noncompliant with the MPE requirement, post factum SAR evaluation
showing compliance with the SAR guidelines will not be allowed as a response to enforcement action.” is
inconsistent with the fundamental basis of using SAR as the basic restriction underlying the MPE rules and
should be deleted. Both the ICNIRP guidelines and the IEEE standard state the following:

ICNIRP
Purpose and Scope: “In any particular exposure situation, measured or calculated values of any of these
guantities can be compared with the appropriate reference level. Compliance with the reference level will
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ensure compliance with the relevant basic restriction. If the measured or calculated value exceeds the
reference level, it does not necessarily follow that the basic restriction will be exceeded.”

IEEE

Clause 3.1.39: “If an exposure is proven to be below the basic restrictions, the MPE can be exceeded.
MPEs are sometimes called reference levels, derived limits, or investigation levels.”

Clause 4.4: “If the BRs given above are not exceeded, the MPEs in Table 8 and Table 9 can be
exceeded.”

Clause 4.7: “In cases where the measured exposure parameters approach or exceed the MPE, the more

complex evaluation of SAR may be used to make a further determination of compliance with the
standard.”

Should a transmitter site be subsequently found to exhibit RF fields in excess of the MPE, it is only
reasonable that the relevant “non-compliant” party be permitted to conduct whatever kind of evaluation they
deem technically appropriate, including an assessment of SAR, to further assess compliance at the site. If this
were not allowed, then sites that are actually in compliance could be deemed non-compliant with subsequent
inappropriate penalties. Any party designated as “non-compliant” should always be permitted the opportunity
to use the more involved, complex and expensive approach of using SAR in the assessment of compliance.

183: The FCC proposes to allow transient exposures of the general public where the general population limit
is exceeded (but not the occupational limit) so long as adequate controls are in place and the 30-minute
averaging time is used and the person is escorted by a person qualified to be in the controlled environment.
There is no reason why the peak exposure shouldn’t be allowed to exceed the occupational limit so long as
the time averaged value does not exceed the public MPE. If the presence of the transient individual is to be
supervised to insure that the time-averaged public MPE is not exceeded, then there is no logical reason that
the same person should not be qualified to insure that the time-averaged exposure is in compliance regardless
of the momentary magnitude of the exposure level.

195: A detailed definition of the term “training” is needed. For example, training could simply include RF
safety information provided in the form of an informational sheet...not formal classroom training. In most
instances, based on personal experience, formalized classroom type training often misses the purpose of
insuring that workers know what to do and what not to do at an active antenna site. In most cases, very
limited but specific instruction on behavior at an active antenna site is entirely sufficient to achieve
compliance with the RF exposure limits adopted by the FCC. The abbreviated approach to “training”
described here is also highly cost effective, resulting in much lower cost to antenna or site operators.

196. For Category Two — NOTICE (Exceeds General Population Exposure Limit but Less Than the
Occupational Exposure Limit), the text is not clear. This section begins by stating that signs and positive
access control is proposed to be required surrounding areas in which the general population exposure limit is
exceeded. However, it then proposes that under certain “controlled” conditions, positive access control is
apparently not required if a label or small sign is affixed to the surface of an antenna that specifies a
minimum approach distance with the assumption that the label can be read from the required separation
distance. An example is provided of a “controlled” condition as being a rooftop with limited access such as a
locked door with appropriate signage. Physically restricting access to an area to those authorized to enter the
site does not necessarily imply that those that are authorized to enter the site are fully aware of the potential
to be exposed above the general public MPE. Hence, in general, most persons entering such a site are
classified as members of the general public and subject to the lower tier of exposure limits. Examples include
electricians, telephone repair personnel, roof repair workers, window washing crews, pest control
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technicians, etc. If the assumption is made that all individuals on the site can read the applicable label on an
antenna and will abide by the indicated exclusion distance, without positive access control to the area in
which the RF fields exceed the public limit, then it should follow that signage is sufficient at any transmitter
site, without a requirement for positive access control.

It should be noted that the IEEE lower tier (in IEEE Std. C95.1-2005) is an “action level” to do something; it
is not reflective of a biological limit, per se! Hence, there is no need for FCC to treat it as a legal exposure
limit. It is, however, a level above which the FCC should require action to be taken to insure that exposure of
individuals does not exceed the upper tier. Through such a requirement, an RF safety program would be
instituted whereby any individuals within the area affected by the program would, through their awareness of
the possibility of exposure, and consistent with other requirements of the FCC, would be subject to the
occupational exposure limits. In fact, necessarily, and importantly, there is NO biological difference between
individuals in the general population and those in occupational positions in regard to any underlying
differential sensitivity to RF exposure. The only distinction between the two classes of individuals is
awareness of potential exposure exceeding the lower tier of limits.

196 bottom: This section needs to be more precisely explained. Specifically, under what condition is
lockout/tagout required if exposure exceeds ten times the occupational limit? Is a ten-fold value in terms of
the momentary peak value or time averaged value of field?

212: The specification that the MPE limits apply to the environmental level of RF field strength without the
body present is an excellent point. Body interaction with the field being measured can result in significant
errors relative to assessing compliance and can go both ways; in some cases the presence of the observer can
lead to erroneously high values of fields while in other instances, lower values of fields. When reporting
measurements for compliance purposes, it is recommended that data illustrating the effect of the observer
making the measurements be provided as part of the overall evaluation.

221. The text addressing “averaging area” is also discussed at the bottom of page 197 where it is stated that
at locations close to antennas where spatial averaging may not be appropriate (because the localized SAR
limit may be exceeded), “the spatial peak field should be used to determine compliance”. This requirement
will have impact on compliance evaluations in that the region around transmit antennas that will be
determined to be noncompliant with the FCC limits will, generally, increase. It is important to note that in
general, there is no convenient way to know when the local RF field may cause local SAR to exceed the SAR
limit. This will, hence, lead to the use of the more conservative application of the spatial peak field in lieu of
the spatially averaged field for compliance determinations. The FCC should consider providing guidance on
what values of local RF fields can result in exceeding of the local SAR limit. With greater areas surrounding
transmitting antennas that may result in exceeding the local SAR limit, more extensive barriers will be
required at an additional expense. In many cases, these more expansive barriers will not be necessary.

223: In the case of smart meters, the transmit activity of any given meter typically varies over time but is
always a small percentage. In several studies related to smart meters, duty cycles have been examined from
two different perspectives, direct measurement and statistical evaluation based on interrogation of the meter
management software used by electric utilities. In both cases, the maximum duty cycles have been found to
range upward to a few percent for a very small number of meters with much lower values for the vast
majority of meters.

Figure 1 provides the results of a study of smart meter duty cycles where the sample interval varied from 1 to
126 minutes (just over two hours) for a sample of 88,296 smart meters deployed by Pacific Gas and Electric
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(PG&E). The figure shows the maximum, minimum, average and standard deviation of the duty cycles. The
results show that the average duty cycle is relatively small, typically being less than 0.1%. During short
momentary periods, the maximum duty cycle can range up to slightly greater than 10%.

Duty Cycle for PG&E End Point Meters (N=88296)
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Figure 1. Duty cycle based on a study of 88,296 Pacific Gas and Electric Company (PG&E) end point smart
meters in which a range of sample intervals (averaging times) was used ranging from 1 to 126 min. Figure 5
from Tell, R.A., R. Kavet and G. Mezei (2012). Characterization of radiofrequency field emissions from
smart meters. Journal of Exposure Science and Environmental Epidemiology (2012), 1-5.

These data can be viewed differently in Figure 2 where the cumulative percentile of smart meter exhibiting
various duty cycles over the sampling periods of 1 to 126 minutes is displayed.
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Cumulative Percentile of End Point Meters vs.
Average Duty Cycle over Periods of 1 to 126 Minutes
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Figure 2. Percentile analysis of duty cycles from 88,296 end point smart meters with sampling periods from 1
to 126 min. Figure 6 from Tell, R.A., R. Kavet and G. Mezei (2012). Characterization of radiofrequency field
emissions from smart meters. Journal of Exposure Science and Environmental Epidemiology (2012), 1-5.

The data demonstrate that for all meters combined, regardless of the sampling interval, half exhibited duty
cycles <0.0465%; 99% had duty cycles of no more than 0.355%; 99.9% had duty cycles <1.12%; and
99.99% of meters had duty cycles <4.54%.

In another study of smart meter duty cycles deployed by Southern California Edison (SCE), with a sample
size of 47,000 meters monitored over an 89 day period, similarly small values were found (see Figure 3). In
this study, end point smart meters as well as those meters that act as data collectors (in this case referred to as
cell relays) were studied. The maximum duty cycle for the SCE RF LAN transmitters was 4.74%, which
occurred in the highest 1/10™ percentile of values, dropping to a 99™ percentile duty cycle of only 0.11%.
From the 10" to 99" percentile, the duty cycles ranged from ~0.001 to 0.1%.
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SCE Smart Meter RF LAN Duty Cycles
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Figure 3. Analysis of Southern California Edison (SCE) daily average RF LAN duty cycle distribution for
different percentiles based on 4,156,164 readings of transmitter activity from an average of 46,696 Itron
smart meters over a period of 89 consecutive days. Analysis based on estimated transmitter activity during a
day. Figure 13 from Tell, R.A., G.G. Sias, A. Vazquez, J. Sahl, J.P. Turman, R. I. Kavet and G. Mezei
(2012). Radiofrequency fields associated with the Itron smart meter. Radiation Protection Dosimetry
Advance Access published January 10, 2012, pp. 1-13.

Yet another study of smart meters used by San Diego Gas and Electric (SDG&E) was based on an
assessment of 6,865 meters observed over a one day period. In the SDG&E sample, the smart meters with the
highest activity had lower duty cycles than the SCE smart meters with the highest activity, but overall the
duty cycles were in equivalent ranges. Figure 4 shows the results. For instance, half of the SDG&E meters
exhibited duty cycles of 0.06% or more. The 50th percentile of duty cycles in the SCE data was 0.01% for
SCE; SDG&E’s 95th percentile value was 0.08% compared with SCE’s 0.06%.
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Duty Cycle for Sample of SDG&E Smart Meters
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Figure 4. Results of an analysis of duty cycles for a sample of 6865 Itron smart meters deployed by San
Diego Gas and Electric (SDG&E) based on transmit duration during a single day of observation. Figure 14
from Tell, RA., G.G. Sias, A. Vazquez, J. Sahl, JP. Turman, R. |. Kavet and G. Mezei (2012).
Radiofrequency fields associated with the Itron smart meter. Radiation Protection Dosimetry Advance
Access published January 10, 2012, pp. 1-13.

A study of smart meter emissions in the state of Vermont included direct measurements of meter emission
duty cycle from a single meter that had been strategically selected because of its hierarchical location within
the smart meter wireless mesh network. The meter in question relayed data from 554 other end point meters
within the network. Measurements of the RF emissions were made over a 30-minute period timed to coincide
with the reporting time for the meter. The maximum duty cycle observed was 3.55%. Figure 5 illustrates the
result of the measurement over a 30-minute window.
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30 Minute Time Domain Peak Field Measurement GMP Site 1
During Load Profile Transmission Meter (9:15 am) - # 6019565
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Figure 5. Result of 30-minute time domain measurement of peak RF fields at Green Mountain Power site 1
during period of maximum expected transmit activity. The 30-minute duty cycle was measured to be 3.55%
during this period of maximum transmitter activity when the meter was relaying data from 554 other end
point meters. Figure 31 from technical report: An Evaluation of Radio Frequency Fields Produced by Smart
Meters Deployed in Vermont. Prepared for the Vermont Department of Public Service by R.A. and C.A.
Tell, Richard Tell Associates, Inc., January 14, 2013, 137 p.

224: Presently available data on biological effects indicates that the average value of the plane wave
equivalent power density is the exposure parameter most closely related to potential adverse biological
effects. It would be outside the framework of current mainstream science for the FCC to adopt limits on the
peak value of pulsed RF fields.

225: 1t is true that higher frequencies do not result in greater induced currents, and associated voltages, in
long conductive structures. Figure 6, illustrates the magnitude of contact current that would be expected
when an individual would touch a vertical conductor immersed in RF electric fields of 1, 10 and 100 MHz.
The figure shows that as frequency is increased, the length of the conductor that results in a maximum
contact current is shorter; for a given frequency, there is a maximum length beyond which greater contact
current does not occur. Because sufficiently great RF currents can lead to burns on the skin, the FCC should
include limits on contact currents, something that it has not done since its Report and Order issued in 1996 in
ET Docket 93-62. Instrumentation has been available for many years and is routinely used for measurements
of compliance with the IEEE standard. Besides the direct hazard of tissue burning from contact currents, the
FCC should also include a limit on open circuit RF voltage, as included in IEEE Standard C95.1-2005, to
eliminate the hazard of arcing between a person and RF energized objects. Please see response to paragraph
2217.
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Figure 6. Calculated contact current vs. height of conductor exposed to an electric field strength of 1 VV/m for
frequencies of 1, 10, and 100 MHz. Note the similar behavior of the oscillation in contact currents but,
importantly, the diminished value of the peak currents at higher frequencies. Adapted from Figure 6 from

Olsen, R.G., J. Schneider and R. A. Tell (2011). Radiofrequency burns in the power system workplace. IEEE
Transactions on Power Delivery, Vol. 26, Issue 1, pp. 352-359.

226: RF fields of even modest magnitudes can energize conductive structures such as guy wires, electric
power transmission poles, electrical cables, tall cranes and house wiring such that these structures can
become potent sources of contact current and/or open circuit RF voltage. This phenomenon is largely, but not
completely, related to AM radio broadcasting antennas. Because contact with such structures can lead to
excessive contact current and RF burns, it would be beneficial for the FCC to provide publicly available
maps showing areas where electric fields produced by AM broadcast stations exceed a specific criterion.
This approach has been accomplished in a project sponsored by the Electric Power Research Institute (EPRI)
in the form of a software tool that combines mapping of AM broadcast stations in the U.S. and Canada with
radiation pattern data that illustrates regions in which RF fields have the potential of exceeding an electric
field strength of 2 V/m, this value being deemed sufficient to result in high open circuit voltages on large
conductive structures sufficient to result in arcing to ground. See EPRI Technical Brief: Use of a Geographic
Mapping Tool in Power Line Routing for RF Hazard Identification: A Feasibility Evaluation. EPRI product
ID 1023107, November 16, 2011. Prepared for EPRI by Richard Tell Associates, Inc. Figure 7 provides an
illustration of how such mapping can be prepared.
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Figure 7. lllustration of a mapping of electric field strengths of 2 VV/m in the vicinity of AM radio broadcast
stations in a portion of the Atlanta, GA area. Non-circular icons are used in the case of directional stations
showing the 2 VV/m contour. This example was used to illustrate the extent of RF fields in the region of an
electric power substation that was located immediately adjacent to several AM radio stations (note the yellow
dot that represents the area in which RF fields are projected to exceed 2 V/m that covers the area of the
substation).

227. In a practical sense, the only real hazard of RF exposure is the production of RF burns. This is
particularly true when considering RF fields with magnitudes in the range of the present FCC MPE values.
Because ambient RF fields that are a small fraction of the FCC MPE can lead to open circuit voltages that
can easily arc to a person attempting contact with an energized object, the RF burn hazard is commonly
ignored during typical RF field compliance evaluations. Figure 8 provides measurement data showing the
relationship between incident RF electric field strength and the open circuit voltage measured at the bottom
end of two different crane cables. These data show that for the conditions under which the measurements
were made, an incident electric field equivalent to the FCC MPE across the AM radio broadcast band of 614
V/m for occupational exposure and for frequencies up to 1340 kHz for general population/uncontrolled
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exposure could result in an open circuit voltage of approximately 56 kV. Voltages of this magnitude will
result in substantial arcing. Because of this, it is especially relevant that the FCC take steps to eliminate the
most hazardous effect of RF exposure.
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Figure 8. Ratio of measured open circuit RF voltage to measured electric field strength as a function of
frequency across the AM radio broadcast band for two different cranes (cranes were not aligned relative to
the various AM radio stations in the same way).

This can be accomplished by adopting limits on open circuit voltages and contact currents. When this issue
arises, the determination of responsibility should be driven by whether the station or affected party was first
present at the site. If the affected party is the result of development activities near an existing AM station,
responsibility should fall on the affected party. Alternatively, if a station establishes operation within an area
with existing development, the responsibility should fall to the station.

228: Because RF burns are the only known and demonstrated hazard related to RF exposure that are
associated with field strengths equivalent to the present FCC MPEs, the FCC should certainly address this
deficiency in the present rules by adopting relevant limits for contact currents and open circuit voltages.
While it is true that interactions between RF fields and various structures in the environment can be
complicated, such complexity associated with the relevant hazard evaluation should not be used as a
rationale for continuing to ignore the potential seriousness of the RF burn hazard. The FCC should adopt
relevant numerical values for both contact currents and open circuit voltages that can lead to arcing, perhaps
the most hazardous of all RF exposure scenarios. Instrumentation has existed for years that allows for
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quantifying these exposure parameters. Any additional burden associated with the inclusion of such limits in
compliance evaluations is clearly offset by the benefit of RF burn hazard reduction.

240: The suggestion by some of applying extremely stringent, precautionary limits would have the severe
consequence of impacting broadcasting and telecommunications as they are currently known and appreciated
in the U.S. For example, a recent proposal to apply an RF power density limit of 0.3 nW/cm? is, simply, not
practical. This conclusion is exemplified by Figure 9, in which population exposure to VHF and UHF
broadcast fields was estimated from detailed measurements in 15 metropolitan areas of the U.S. The data
show that virtually the entire population of the cities studied was exposed to RF fields exceeding the
recommended, precautionary limit of 0.3 nW/cm? While the data are from the 1978-1980 era, no follow-up
work of this magnitude has been accomplished since and it is anticipated that since the time of this study, the
introduction of wireless communications (cellular telephone) base stations has likely not reduced population
exposure levels. Hence, the implementation of precautionary exposure measures similar to this would
certainly impact on the ability to provide domestic broadcasting service and wireless communications as
currently available.
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Figure 9. Population exposure to VHF and UHF broadcast RF fields in the U.S. Adapted from Figure 7 in
Tell, R.A. and E.D. Mantiply (1980), Population exposure to VHF and UHF broadcast radiation in the
United States, Proceedings of the IEEE, Vol. 68, No. 1, January, pp. 6-12.
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243: There is no need to recommend minimizing exposure below present SAR based limits. The safety factor
of 50 associated with the present SAR based lower tier exposure values, for the general public, are already so
far below the threshold of established adverse biological effects as to represent a practical zero probability of
harmful effect.

250: If the FCC recommends that a manual, for a portable communications device, provide instructions and
advisory statements so the user is aware of body-worn requirements for RF exposure compliance, how does
this relate to the requirement that barriers be erected to avoid exposure above public limits at wireless
transmitter sites? This appears inconsistent since in one case only advisory statements be used while in
another, engineering controls are required to insure compliance. Note that exposure to a cell phone likely
results in a greater local SAR within the body than does typical whole body exposure at a wireless or
broadcast site.

251: It is stated that exposures “exceeding the SAR limits should not necessarily create an unsafe condition”
and “should not be viewed with significantly greater concern than compliant use” since the exposure limits
were set with a large safety factor to be well below a threshold for unacceptable rises in tissue temperature!
This perspective would argue against such aggressive compliance measures found in other parts of the
document as the requirement to install positive access control (barriers) to inhibit members of the general
public from accessing areas within which RF fields could exceed the general public limit. The statement that
“a use that possibly results in non-compliance with the SAR limit should not be viewed with significantly
greater concern than compliant use” is inconsistent with other parts of the document where absolute control
is required to avoid exceeding public exposure limits.

P. 99: The terminology “appropriate training” needs clarification since the “training” might be able to be
accomplished via simple written information, such as on a sign or the provision of an RF safety information
sheet to be given to those entering the site.

2.1093(d)(2)(ii), page 101: “visual advisories on portable devices designed only for occupational use can be
used as part of an applicant’s evidence of the device user’s awareness of occupational/controlled exposure
limits.” Because there is no inherent biological difference between members of the general public and those
that are occupationally exposed to RF, the use of visual advisories supports the concept that appropriate
signage should be sufficient at transmitter sites to provide the awareness necessary for individuals to occupy
areas in which the RF fields exceed the FCC’s general population exposure limit.

1.1307(b)(2)(ii), page 106: It is unclear whether positive access control is required for the example rooftop
with limited access where a sign on the antenna is stated as sufficient “mitigation”. Further, the terminology
“...rooftop with limited access...” needs definition. What is meant by “limited” access? The use of signage is
stated as representing “sufficient mitigation” of potential RF exposure exceeding the general population
exposure limit. The terminology “under certain controlled conditions” must be defined. The language, once
again, implies that signage could be sufficient for compliance with the general population MPE without
positive access control as required elsewhere in the document.

1.1307(b)(2)(ii), page 107: The text “...to ensure compliance with the time-averaged general population
exposure limit” should be clarified to be consistent with earlier requirements relative to the instantaneous
peak value of exposure (see paragraph 183, and comment).

1.1307(b)(2)(iii), page 107: It seems that positive access control is not being called for and that signage can
be sufficient. If members of the general public have access, in a transient manner at the site, would positive
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access control be required? Again, the time-averaged value of exposure should not have any limitation on the
instantaneous peak value of RF field.

1.1307(b)(2)(iv), page 107: It appears that the use of lockout/tagout procedures are only required for
Category 4 exposure scenarios. The same should apply to Category 3 if power reduction is not feasible such
that exposure category reduction is not feasible.

1.1307(b)(2)(v)(B), page 107: It should be noted that the triangle used to surround the RF energy advisory
symbol is not used on the NOTICE sign since there is no expectation that exposure less than the upper tier
can cause adverse biological effects. See C95.2-1999, section 5.7, second paragraph.

1.1307(b)(2)(i), page 108: An outline of the content requirements of an EA needs to be provided.

2.1093(d)(4), page 115: If visual advisories, on a device for occupational use, are sufficient evidence of the
device user’s awareness of occupational/controlled exposure limits, signs at a site should also be sufficient to
indicate awareness of any individual to occupational/controlled exposure limits.

Page 197: The FCC states that the spatial peak field should be used at locations close to antennas where
spatial averaging of fields may not be appropriate because the local SAR limit may be exceeded. This new
requirement will have substantial impact on compliance assessments at transmitter sites such a broadcast and
wireless base stations where, heretofore, spatial averaging has typically been the only metric used in the
determination of compliance. While, undoubtedly, a simpler measurement method, this recommendation will
be very challenging and potentially result in erroneous compliance assessments. In general, there is currently
no fixed distance from a source or defined exposure geometry for which it can be assumed that local SAR
will always comply with the local SAR limit. As a consequence, in the interest of conservatism, many
compliance measurements will be made entirely on the basis of spatial peak values of field. This practice will
result in larger regions in the vicinity of transmitting antennas wherein it will be assumed that RF fields may
exceed either the FCC general population or occupational exposure limits in terms of local SAR. This, in
turn, will likely mean that more extensive barriers, sighage and training (or providing of RF safety
information) will be required at additional cost to transmitter operators. Such overly conservative, and
unnecessary, measures will result unless specific guidance can be provided that relates the local RF field
strength (or plane wave equivalent power density) to maximum possible local SAR within the body. The
FCC should specify a dosimetry based limit in terms of peak RF field strength or plane wave equivalent
power density. This will allow compliance assessments to be performed with minimal impact over the
current approach of measuring the spatially averaged field. The spatially averaged field remains the primary
criterion for compliance unless the local peak field exceeds an FCC specified value.



EXHIBIT N:
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INTRoduction ANd SuMMARY

At the request of New York SMSA Limited Partnership d/b/a Verizon Wireless
(“Verizon Wireless”), Pinnacle Telecom Group has performed an independent
expert assessment of radiofrequency (RF) levels and related FCC compliance for
the modification of an existing wireless base station antenna operation on a
building rooftop at 2545 Hempstead Turnpike in East Meadow, NY. Verizon
Wireless refers to the site as “East Meadow 3” and the antenna modifications are
proposed so Verizon Wireless can effectively operate under its FCC-licensed
frequencies, including 700 MHz, 850 MHz, and 1900 MHz.

The FCC requires wireless system operators to perform an assessment of
potential human exposure to radiofrequency (RF) fields emanating from all the
transmitting antennas at a site whenever antenna operations are added or
modified, and to ensure compliance with the Maximum Permissible Exposure
(MPE) limit in the FCC regulations. In this case, the compliance analysis needs
to include the RF effects of other existing antenna operations at the site by AT&T

and T-Mobile. b\ )| Hﬁlm

This report describes a mathematical analysis of compliance with the FCC MPE
limit for safe conti f the geASTa pHAIE OThe B
imit for safe continuous exposure of the genera pjﬂ'tﬁT é%tﬁji!ﬁ)?!?&g 0

antennas are calculated using a standard FCC formula — and the analysis is
designed to conservatively overstate the RF levels thabeftuglf%/ %ﬁ%:gr from the
antennas. In that way, as long as the results indicate RF levels below the MPE
limit, we can have great confidence the comphaﬁﬁé}?@ﬁbja@ﬁeﬂﬁs@ﬁtﬁﬁ@ﬁé
The results of a compliance assessment can be explained in layman’s terms by

describing the calculated RF levels as simple percentages of the FCC MPE limit.
If the reference for that limit is 100 percent, then calculated RF levels higher than
100 percent indicate the MPE limit is exceeded, while calculated RF levels
consistently lower than 100 percent serve as a clear and sufficient demonstration
of compliance with the MPE limit. We will also describe the overall worst-case
calculated result via the “plain-English” equivalent “times-below-the-limit factor”.



The results of the FCC RF compliance assessment in this case are as follows:

Q

The remainder of this report provides the foIIowmg ezl ICATIC

Q

Q

The conservatively calculated maximum RF level from the Verizon
Wireless antenna operations as modified, along with the other antenna
operations at the site, is 4.3124 percent of the FCC MPE limit — well
below the 100-percent reference for compliance. In other words, even
with the significant degree of conservatism incorporated in the analysis,
the worst-case calculated overall RF level is still more than 23 times
below the FCC limit established as safe for continuous human exposure
to the RF emissions from antennas.

The results of the calculations provide a clear demonstration that the RF
levels from the combination of proposed and existing antenna operations
at the site satisfy the applicable criteria for controlling potential human

exposure to RF fields, and the RF levels will be in clear compliance with -

the FCC regulations and limit concerning RF safety. Moreover, because
of the conservative methodology and incorporated assumptions, RF
levels actually caused by the antennas will be even less significant than

\43«‘8’

;\\\“’\

the calculation results here indicate.

D%-Fi OF SuiLuiNG

relevant technical data on the Verizon Wireless antenna operations, as

modified, and on the other existing antenna operatiorfé(\a’; thesited |2

1 EM

a description of the applicable FCC mathematlcal n}ede Qr? lzﬂ’&s’exs%r)g,‘éﬂ}j
MPE compliance, and application of the relgvani N

model; and
the results of the analysis, and the compliance conclusion for the site.

In addition, three appendices are included. Appendix A provides background on

the FCC MPE limit, along with a list of FCC references on compliance, and

Appendix B provides a description of why no RF interference will occur to other

facilities. Appendix C provides a summary of the expert qualifications of the

author of this report.
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ANTENNA ANd TrAnsmission DATA

The table below provides the key compliance-related data for the Verizon

Wireless antenna operations, as modified, at the site.

Frequency Bands 700 MHz, 850 MHz and 1900 MHz
Service Coverage Type Sectorized
Antenna Type Directional Panel

CSS X7C-FRO-440/ 16.4 dBi
CSS X7C-FRO-460/ 16.1 dBi
RF Channels per Sector 1
Transmitter Power / RF Channel | 40 watts

ntenna Model / Maximum Gain

CSS X7C-FRO-460 / 16 1 dBi

RF Channels per Sector 8
Transmitter Power / RF Channel | 20 watts

1900 MHz Antenna Data

Antenna Model / Maximum Gain | CSS AXP18-60 / 1%=‘§'¢BN"’V\‘ Na)
CSS AXP19-45 / 18:9-dBi_

RF Channels per Sector 4 DEF T UF BUiLumvG
Transmitter Power / RF Channel | 16 watts

attenuation effects associated with the antenna cabhng ( antenna line loss”. )

The antenna vertical-plane radiation pattern is used in the calculations of RF
levels at ground level around a site. Figures 1 through 4 that follow show the
vertical-plane radiation patterns of the Verizon Wireless antenna models in each
frequency band of interest. (For both the CSS X7C-FRO-440 and X7C-FRO-460
antennas, the manufacturer specifies a single pattern covering both the 700 MHz

and 850 MHz frequency bands.)



Note that in this type of diagram, the antenna is effectively pointed at the three
o’clock position (the horizon) and the relative strength of the pattern at different

angles is described using decibel units.

The use of a decibel scale to describe the relative pattern at different angles
incidentally tends to visually understate the actual focusing effects of the
antenna. Where the antenna pattern reads 20 dB, for example, the relative RF
energy emitted at the corresponding downward angle is 1/100" of the maximum
that occurs in the main beam (at 0 degrees); at a 30 dB point, the level is

1/1,000" of the maximum.
Finally, note that the automatic pattern-scaling feature of our internal software

may skew side-by-side visual comparisons of different antenna models, or even

different parties’ depictions of the same antenna model.

Figure 1. CSS X7C-FRO-440 Antenna — 700/850 MHz Vertical-plane Pattern
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Figure 2. CSS X7C-FRO-460 Antenna — 700/850 MHz Vertical-plane Pattern
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Figure 3. CSS AXP18-60 Antenna — 1900 MHz Vertical-plane Pattern
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Figure 4. CSS AXP19-45 Antenna — 1900 MHz Vertical-plane Pattern
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As noted Qctrleooﬁts%@ighere are other existing wireless antenna othions at
thew,sgeu ﬁ’%&g\gr}%l d;%i{]?“ ag compliance assessment. In the analysis for each of the
w1re!es§'"’t§ﬁlers gve

?e'f'ﬁ'a‘ﬁﬁglt’?‘ﬁnd at maX|mum transmitter power in each of their respective

P

_Vdnservatlvely assume operation with maximum
FCC-licensed frequency bands.

AT&T is licensed to operate in the 700, 850 and 1900 MHz frequency bands. In
the 700 MHz band, AT&T uses as many as four RF channels per antenna sector
and a maximum transmitter power of 40 watts. In the 850 MHz band, AT&T uses
as many as eight RF channels per antenna sector and a maximum transmitter
power of 20 watts. In the 1900 MHz band, AT&T uses as many as four RF
channels per antenna sector, with a maximum of 16 watts of transmitter power

per channel.

T-Mobile is licensed to operate in the 1900 MHz and 2100 MHz frequency bands.
In the 1900 MHz band, T-Mobile uses a maximum of eight RF channels in each

antenna sector, with a maximum transmitter power of 20 watts per channel. In




the 2100 MHz band, T-Mobile uses two channels per sector, with a maximum of

40 watts of transmitter power per channel.

Compliance Analysis

FCC Office of Engineering and Technology Bulletin 65 (“OET Bulletin 65”)
provides guidelines for mathematical models to calculate the RF levels at various
points around transmitting antennas. At street-level around an antenna site (in
what is called the “far field” of the antennas), the RF levels are directly
proportional to the total antenna input power and the relative antenna gain in the
downward direction of interest — and the levels are otherwise inversely
proportional to the square of the straight-line distance to the antenna.
Conservative calculations also assume the potential RF exposure is enhanced by
reflection of the RF energy from the ground. Our calculations will assume a

100% “perfect” reflection, the worst-case approach.

The FCC's formula for street-level RF compliance calculations for any given

~ wireless antenna operation is as follows:
MPE% = (100 * TxPower * 10 ©maxVdisd10) « 4y / ( MPE * 47 * R?)

o O\ Q\%Qﬁq

RF level, expressedias! g peicehtage.of the MPE limit
appllcable to contlnuouEexposurg ofi the_general public

MPE%

100 = factor to convert the raw result to a percentage

maximum net power into an%ﬁa%&taﬁ}% milliwatts, a
function of the number of channels per sector, the

transmitter power peE‘nghﬁ lﬁ@]l@&"g‘ PAW

_ b S de ;
10 @maxVdisc10) = humeric equivalent ] » éﬁrelﬁﬂye"matenﬁﬁ galn in, ‘the

downward direction of mterest referenced to any applled
antenna mechanical downtilt; data on the antenna
vertical-plane pattern is taken from manufacturer
specifications

TxPower

4 = factor to account for a 100-percent-efficient energy
reflection from the ground, and the squared relationship
between RF field strength and power density (2%= 4)



MPE

FCC general population MPE limit

straight-line distance from the RF source to the point of
interest, centimeters

Py
1l

The MPE% calculations are performed out to a distance of 500 feet from the
facility to points 6.5 feet (approximately two meters, the FCC-recommended
standing height) off the ground, as illustrated in Figure 5, below.

antenna

A

height from
antenna R
bottom to

6.5’ above

ground

o 2{438

s 431 e e
; EPT.OF BULDING

Ground Distance D from the site
OCT o5 2012

Figure 5. MPE% Calculation Geometry , . ..
’ TOWN OF
2 »
It is popularly understood that the farther away one is'from=an arteriria’ the [Gwer™
the RF level — which is generally but not universally correct. The results of

-y

MPE% calculations fairly close to the site will ‘reflect the variations in the vertical-
plane antenna pattern as well as the variation in straight-line distance to the
antennas. Therefore, RF levels may actually increase slightly with increasing
distance within the range of zero to 500 feet from the site. As the distance
approaches 500 feet and beyond, though, the antenna pattern factor becomes
less significant, the RF levels become primarily distance-controlled, and as a
result the RF levels generally decrease with increasing distance, and are well

understood to be in compliance.
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FCC compliance for a collocated antenna site is assessed in the following
manner. At each distance point along the ground, an MPE% calculation is made
for the RF effect from each party’s antenna operation, and the sum of the
individual MPE% contributions at each point is compared to 100 percent, the
normalized reference for compliance with the MPE limit. We refer to the sum of
the individual MPE% contributions as “total MPE%”, and any calculated total
MPE% result exceeding 100 percent is, by definition, higher than the FCC limit
and represents non-compliance and a need to mitigate the potential exposure. [f
all results are consistently below 100 percent, on the other hand, that set of
results serves as a clear and sufficient demonstration of compliance with the
MPE limit. Note that according to the FCC, when directional antennas and
sectorized coverage arrangements are used, the compliance assessments are
based on the RF effect of a single antenna sector (or, in cases of non-identical

parameters, the worst-case effect of any individual sector).

The following conservative methodology and assumptions are incorporated into

o . 2 . i
the MPE% calculations on a general basis: /& \ 1\ L{ )%}

1. The antennas are assumed to be operating contlnuousl%%t\m?xmum
power, and at maximum channel capacity. In addltlon,}tr@_ejgggs;of\u
antenna line loss are ignored wherever possible.

2. The power-attenuation effects of shadowing or other obsgﬁzftiqng torthe

line-of-sight path from the antenna to the point of interest are ignored.

(rather than the centerline) of each operator’s Iowest-mounted antenna,

as applicable.
4. The potential RF exposure at ground level is assumed to be 100-percent
enhanced (increased) via a “perfect” field reflection from the intervening

ground.
The net result of these assumptions is to significantly overstate the calculated RF

exposure levels relative to the levels that will actually occur — and the purpose of

this conservatism is to allow very “safe-side” conclusions about compliance.

11



In addition in this case, we have taken into account the different characteristics
and RF effects of multiple antenna models used in the same frequency band.

The table below provides the results of the MPE% calculations for each operator,
with the overall worst-case result highlighted in bold in the last column.

A0\ W R2F-

Ground Vgrizon Vgrizon V_erizon )

Distance Wireless Wireless Wireless AT&T T-Mobile Total
) 700 MHz | 850 MHz | 1900 MHz MPE% MPE% MPE%

MPE% MPE%
SRR s T

0 0.1802 0.1555 0.0013 0.0706 0.1019 0.5095
20 0.2413 0.2083 0.0734 1.0804 0.1218., 1 N72b [
40 0.2628 0.2268 0.0210 1.3367 /0802 | L0275\ ‘1581
60 0.1007 0.0869 0.0520 2.8360 0.1353 3.2109
80 0.0334 0.0288 0.1982 2.3639 0.1037 2.7280
100 0.0657 0.0567 0.4577 0.8524 0.1919 1.6244
120 0.0257 0.0222 0.4404 0.3216 0.2658 1.0757
140 0.0447 0.0386 0.0440 0.6503 ,—|{ ~~0-4838 1.2614
160 0.1392 0.1201 0.0533 | /1:2139" |- 0,33407. .| ...1.8605
180 0.3003 0.2592 0.3636 2.05972F]1. -012838""" "372166
200 0.3553 0.3066 0.4204 2.3424 0.2804 3.7051
220 0.4181 0.3608 0.3840 2.5686 0.3409 __|., 4.0724
240 0.4879 0.4211 0.2700 2.7770 {}C10.38%1 7]~ 4.2871
260 0.5380 0.4643 0.1459 2.9112 0.2530 4,3124
280 0.5999 0.5178 0.0538 2520040 | ~ 0 1%384151013-8653
300 0.5242 0.4524 0.0471 2.8400.:5Y 2D 1519 ¢ |7 \
320 0.5553 0.4793 0.0396
340 0.4929 0.4254 0.0351 41!
360 0.5295 0.4570 0.0865
380 0.4759 0.4107 0.0777
400 0.4301 0.3712 0.0702
420 0.4484 0.3870 0.1757
440 0.4089 0.3529 0.1602
460 0.3744 0.3231 0.1467
480 0.3441 0.2970 0.1348
500 0.3644 0.3145 0.2481

As indicated, even with the significant degree of conservatism built into the
calculations, the maximum calculated overall RF level is 4.3124 percent of the
FCC MPE limit — well below the 100-percent reference for compliance.

A graph of the overall calculation results, provided on the next page, probably

provides a clearer visual illustration of the relative insignificance of the calculated

12



RF levels. The line representing the calculated total MPE% results shows an
obviously clear and consistent margin to the FCC MPE limit.

COMPLIANCE ASSESSMENT RESULTS
== Normalized FCC MPE Limit @  Total MPE% Results

-
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o o
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0 + i >
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Distance (ft)
Compliance Conclusion APPLICATIONNC.

According to the FCC, the MPE limit has been constructe@EETo@E Rhher tHat
continuous human exposure to RF emissions up to and including 100 percent of
the MPE limit is acceptable and safe. OCT o5 20%2

WIN OF AEMPSTEAD
Q ) GE‘: Bgteﬁifﬂ?\‘F
t‘m cig

aﬁtenna operatlons s

As described, the analysis in this case shows that th q

level from the combination of proposed and exnstlhg
4.3124 percent of the FCC MPE limit. In other words, the worst-case calculated
RF level from the antenna operations is more than 23 times below the limit
established as safe for continuous human exposure to the RF emissions from

antennas.
The results of the calculations provide a clear demonstration of compliance with

the FCC MPE Ilimit. Moreover, because of the conservative calculation

methodology and operational assumptions we applied in the analysis, RF levels

13



actually caused by the antennas will be even less significant than the calculation

results here indicate.

Cerrificarion

It is the policy of Pinnacle Telecom Group that all FCC RF compliance
assessments are reviewed, approved, and signed by the firm’s Chief Technical

Officer, who certifies as follows:

1. | have read and fully understand the FCC regulations concerning RF safety
and the control of human exposure to RF fields (47 CFR 1.1301 et seq).

2. To the best of my knowledge, the statements and information disclosed in
this report are true, complete and accurate.

3. The analysis of site RF compliance provided herein is consistent with the
applicable FCC regulations, additional guidelines issued by the FCC, and
industry practice.

4. The analysis provides a clear demonstration of compliance with the FCC
regulations and limit concerning potential human exposure to the RF

SRV Ee

9/19/12

emissions from antennas.

Date

APPLICATION NO.
DEPT. OFBUILDING

Chief Technical Officer

OCT o5 2012

TOWN OF HEMPS

Ly
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Appendix A. BackGground on the FCC MPE Limir
FCC Rules and Regulations

As directed by the Telecommunications Act of 1996, the FCC has established
limits for maximum continuous human exposure to RF fields.

The FCC maximum permissible exposure (MPE) limits represent the consensus
of federal agencies and independent experts responsible for RF safety matters.
Those agencies include the National Council on Radiation Protection and
Measurements (NCRP), the Occupational Safety and Health Administration
(OSHA), the National Institute for Occupational Safety and Health (NIOSH), the
American National Standards Institute (ANSI), the Environmental Protection
Agency (EPA), and the Food and Drug Administration (FDA). In formulating its
guidelines, the FCC also considered input from the public and technical
community — notably the Institute of Electrical and Electronics Engineers (IEEE).

The FCC’s RF exposure guidelines are incorporated in Section 1.301 et seq of its
Rules and Regulations (47 CFR 1.1301-1.1310). Those guidelines specify MPE
limits for both occupational and general population exposure.

The specified continuous exposure MPE limits are based on known variation of
human body susceptibility in different frequency ranges, and a Specific
Absorption Rate (SAR) of 4 watts per kilogram, which is universally considered to
accurately represent human capacity to dissipate incident RF energy (in the form
of heat). The occupational MPE guidelines incorporate a safety factor of 10 or
greater with respect to RF levels known to represent a health hazard, and an
additional safety factor of five is applied to the MPE limits for general population
exposure. Thus, the general population MPE limit has a built-in safety factor of
more than 50. The limits were constructed to appropriately protect humans of
both sexes and all ages and sizes and under all conditions — and continuous
exposure at levels equal to or below the applicable MPE limits is considered to

result in no adverse health effects or even health ris:; \/ ; \ ;

The reason for two tiers of MPE limits is based on an understanding an
assumption that members of the general public are unlikely to have had
appropriate RF safety training and ma; szer‘ e-raware(of the exposures they
receive; occupational exposure in con{rb%gﬁeﬁg@\ﬁmg't '}PnJN@ther hand, is
assumed to involve individuals who have ha ~chI’r/train'n§, are aware of the
exposures, and know how to maintain a safe personal work environment.

The FCC’s RF exposure limits are expressed iﬂttl\loge%ui)\ggl)ént forms, using
alternative units of field strength (expressed in volts per meter, or V/m), and
power density (expressed in milliwatts pe?@ﬁﬁé@htnn@ﬁﬁ;baﬁw?mz) The
table on the next page lists the FCC limiits:forhsth Sccdpational and general
population exposures, using the mW/cm*:reference;--for the'~different radio
frequency ranges.
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Frequency Range (F) Occupational Exposure General Public Exposure

(MHz) (mWicmz?) ( mWicm?)
0.3-1.34 100 100
1.34-3.0 100 180/ F?

3.0-30 900/ F? 180 / F?
30 - 300 1.0 0.2
300 - 1,500 F /300 F /1500
1,500 - 100,000 5.0 1.0

The diagram below provides a graphical illustration of both the FCC's
occupational and general population MPE limits.

o INWEE

el Occupational
< N\ 0 T General Public
50 _|
L (PPHLCATIONND.
/" DEPT. OF Bulnuiivi
02
UC} o5 2012
!/' |
| | | | | I T
03 134 30 30 300 TCRVN OF tRePSTEAD
PR

Frequency (MHz) ~ {=2}

Because the FCC’s MPE limits are frequency-shaped, the exact MPE limits
applicable to the instant situation depend on the frequency range used by the
systems of interest.
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The most appropriate method of determining RF compliance is to calculate the
RF power density attributable to a particular system and compare that to the
MPE limit applicable to the operating frequency in question. The result is usually
expressed as a percentage of the MPE limit.

For potential exposure from multiple systems, the respective percentages of the
MPE limits are added, and the total percentage compared to 100 (percent of the
limit). If the result is less than 100, the total exposure is in compliance; if it is
more than 100, exposure mitigation measures are necessary to achieve
compliance.

Note that the FCC “categorically excludes” certain types of antenna facilities from
the routine requirement to specifically (i.e., mathematically) demonstrate
compliance with the MPE limit. Among those types of facilities are cellular
antennas mounted on any type of tower, when the bottoms of the antennas are
more than 10 meters (c. 32.8 feet) above ground. The basis for the categorical
exclusion, according to the FCC, is the understanding that because of the low
power and the directionality of the antennas, such facilities — individually and
collectively — are well understood to have no significant effect on the human
environment. As a result, the FCC automatically deems such facilities to be in
compliance.

FCC References on Compliance

T e 20014 l?ﬁ
47 CFR, FCC Rules and Regulations, Part 1 (Practice and Pro&&}@)%BCIMMvab ‘
1.1310 (Radiofrequency radiation exposure limits).

FCC Second Memorandum Opinion and Order and Notice ©f TPmpos‘eyz
Rulemaking (FCC 97-303), In the Matter of Procedures for Reviewing Requests

for Relief From State and Local Regulations Pursuant to Section g333(£)(,2 I ,;gy)w% AD)
of the Communications Act of 1934 (WT Docket 97#1 9 *“Gwde( 163 of 4
Evaluating the Environmental Effects of Radiofrequency Rad ation..(E . E)Qc'?{ -
93-62), and Petition for Rulemaking of the Cellular Telecommunications Industry ‘
Association Concerning Amendment of the Commission's Rules to Preempt
State and Local Regulation of Commercial Mobile Radio Service Transmitting
Facilities, released August 25, 1997.

FCC First Memorandum Opinion and Order, ET Docket 93-62, In the Matter of
Guidelines for Evaluating the Environmental Effects of Radiofrequency Radiation,
released December 24, 1996.

FCC Report and Order, ET Docket 93-62, In the Matter of Guidelines for
Evaluating the Environmental Effects of Radiofrequency Radiation, released
August 1, 1996.

FCC Office of Engineering and Technology (OET) Bulletin 65, “Evaluating

Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields”, Edition 97-01, August 1997.
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Appendix B. Norte on Porential RF Interference

In connection with the RF emissions from the Verizon Wireless antenna
operation, we note that Verizon Wireless has been granted by the FCC exclusive
geographic rights to its channel frequencies, and is further subject to strict FCC
technical standards on parameters such as maximum power and out-of-band

emissions, as well as regulations related to non-interference.

Therefore, we can provide a clear assurance that the Verizon Wireless antenna
operation does not and will not interfere with public safety communications, or
the usual and customary reception of radio, television, or other communications
services enjoyed by the nearby residential and non-residential properties, or

other existing telecommunications devices.

At the same time, however, we would be professionally remiss in omitting a
reference to a July 2003 FCC decision — a “Memorandum Opinion and Order” in
‘WT Docket No. 02-100" that related to interference. That FCC Order concluded
that any local ordinance requiring a certification of non-interference related to a
wireless antenna siting application represents “impermissible regulation” of RF
interference, an area under exclusive FCC jurisdiction and federally-preempted

from local regulation.
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Appendix C. Summary of Expert Qualifications

Daniel J. Collins, Chief Technical Officer, Pinnacle Telecom Group, LLC

o 40 years of expenence inall aspects o} w1reless system
engineering, related regulation, and RF exposure

¢ Has performed or led RF exposure compliance assessments
on more than 17,000 antenna sites since the new FCC rules
went into effect in 1997

¢ Has provided testimony as an RF compliance expert more
than 1,400 times since 1997

e Accepted as an expert in New York, New Jersey,
Connecticut, Pennsylvania and more than 40 other states,

as welI as by th FCC

Education: o B E. E Clty College of New York (Sch Of Eng ) 1971

e M.B.A., 1982, Fairleigh Dickinson University, 1982

e Bronx High School of Science, 1966

Current Responsibilities: | e Leads all PTG staff work involving RF safety and FCC

compliance, microwave and satellite system engineering,

and consulting on wireless technology and regulation

Prior Experience: e Edwards & Kelcey, VP — RF Engineering and Chief
Information Technology Officer, 1996-99

e Bellcore, Executive Director — Regulation and Public Policy,
1983-96

¢ AT&T (Corp. HQ), Director — Spectrum Management Policy
and Practice, 1977-83

¢ AT&T Long Lines, Group Supervisor — Microwave Radio
System Design, 1972-77

Specific RF Safety / ¢ Involved in RF exposure matters since 1972

Compliance Experience: | ¢ Have had lead corporate responsibility for RF safety and
compliance at AT&T, Bellcore, Edwards & Kelcey, and PTG

e While at AT&T, helped develop the mathematical models
later adopted by the FCC for predicting RF exposure

¢ Have been relied on for compliance by all major wireless

i - carriers, as well as by the federal government, several state
; ED \ 2 l te M‘* and local governments, equipment manufacturers, system

integrators, and other consulting / engineering firms

Other Background: e Author, Microwave System Engineering (AT&T, 1974)

e Co-author and executive editor, A Guide to New
Technologies and Services (Bellcore, 1993)

e National Spectrum Managers Association (NSMA) — former
three-term President and Chairman of the Board of
Directors; was founding member, twice-elected Vice

i\eizid JCATIONN Q. ”‘Pf'eﬂienmng-tlme ?nember of the Board of Directors,

BERT. GF BPHary Was named an NSMA Fellow in 1991

e Listed in Who’s Who in the Media and Communication and

Jnte/natlonal Who’s Who in Information Technology
ished more than 35 artlcles ln mdust A

Pl

=~ ').
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EXHIBIT O:

PICTURE OF 2545 HEMPSTEAD TURNPIKE, EAST MEADOW, NY
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EXHIBIT P:

ACCESS IN FRONT OF ANTENNAS
2631 MERRICK ROAD, BELLMORE, NY




EXHIBIT Q:

FCC ET DOCKET NO. 03-137
COMMENTS FROM EDWIN D. HILL
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EDWIN D. HILL
International President

SAM J. CHILIA
International
Secretary-Treasurer

April 4, 2014

Ex Parte

Marlene H. Dortch

Secretary, Federal Communications Commission
445 12th Street SW

Washington, DC 20554

Re:  Proposed Changes in the Commission’s Rules Regarding
Human Exposure to Radiofrequency Electromagnetic Fields,
ET Docket No. 03-137

Dear Ms. Dortch:

The International Brotherhood of Electrical Workers (IBEW) requested a
meeting with Federal Communications Commission (FCC) staff to discuss issues
associated with the ongoing proposed rulemaking regarding the above docket. On
March 12, 2014, James Tomaseski, Director of the IBEW’s Safety and Health
Department, along with Doug Williams, Chairman and CEO of RF CHECK, Inc.
(RF CHECK), Drew Fountain, Co-Founder and Vice Chairman of RF CHECK,
Daniel Jaurigue, President, North America of RF CHECK, and Roger Egan,
Executive Chairman of Risk Strategies Co., met with Julius Knapp, Joe Monie,
Bruce Romano, Robert Weller, Ed Mantiply, and Martin Doczkat, all of whom are of
the FCC’s Office of Engineering and Technology. The meeting was specifically set
up to discuss the adoption of safe harbors for roof-top and other locations, as well as
to discuss the continuing problem with third party worker exposure to harmful RF
emissions.

The IBEW specifically commended the FCC for pursuing rulemaking. The
IBEW agreed with the Commission that the proposal was a step in the right direction
as it addresses workers’ exposure to RF emissions. The IBEW also cautioned that if
safe harbor provisions were granted to carriers where untrained and uninformed
workers could be unnecessarily exposed to RF radiation, the purpose of the
rulemaking would be jeopardized and would result in a step in the wrong direction.

Roger Egan explained that property insurers will not accept a partial solution.
Unless a comprehensive solution protecting the needs of all the wireless stakeholders
is implemented that would not only be limited to roof-top sites, insurers will react in
a predictable manner by denying coverage to property owners who host wireless
antennas. He concluded that exclusions would be very disruptive to network
expansion demands at a time when all consumers want and need increased wireless
capacity and coverage.
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The IBEW has been involved in this debate for several years. The IBEW
has been diligent in our efforts to keep the Commission and cellular service
providers aware of the issue of the pointless third party worker exposure to RF
radiation hazards, and the fact that RF CHECK offers a simple, effective, state-of-
the-art solution to this problem. Included in this filing are documents that the
IBEW presented during the meeting which demonstrate our efforts to explain the
need for a comprehensive RF safety system that should be supported by the
industry.

This letter is being submitted pursuant to the Commission’s rules for
inclusion in the public record of the above-referenced proceeding.

Sincerely yours,

Edwin D. Hill
International President

EDH:mra
Copy to James Tomaseski, Director, Safety and Health Department
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August 11, 2008

Ms. Marlene Dortch, Secretary
Federal Communications Commission
445 12" Street, SE

Washington, DC 20554

Re: Applications of Atlantis Holdings, LLC, transferor and Cellco
Partnership D/B/A/ Verizon Wireless, transferee, WT Docket 08-95.

Dear Chairman Martin and Commissioners:

In order to protect workers from dangerous working conditions that violate
Federal Communications Commission (“FCC” or “Commission”) rules, the International
Brotherhood of Electrical Workers (“IBEW™) writes today to respectfully urge the
Commission to reject the proposed merger of Atlantis Holdings LLC (“Alltel”) and
Cellco Partnership D/B/A/ Verizon Wireless (“Verizon Wireless”).

IBEW represents approximately 750,000 members who work in every state of the
nation and in a wide variety of fields, including utilities, construction,
telecommunications, broadcasting, manufacturing, railroads and government. The IBEW
was formed in 1891 and takes great pride in its members’ central role in building our
nation’s telecommunications infrastructure. IBEW linemen strung the telephone wires on
which we all rely. IBEW craftsmen built our telephones. IBEW telephone operators ran
the first manual switches — then IBEW technicians built and maintained the complex
switching machinery which makes telecommunications possible.

We are always mindful, however, that building the country’s telecommunications
network has, at each stage of technological development, exposed our members to risk
due to substandard safety practices by building owners, network operators, and
equipment providers. Therefore, IBEW has worked for more than 100 years for critical
safety improvements.

Today’s great challenge is to balance the construction of a nationwide wireless
network with the need to protect workers, both those employed by wireless carriers and
third-party workers who may be exposed to dangerous RF signals above the established
FCC limits. Verizon Wireless and Alltel have not achieved this balance and
unnecessarily expose workers to unsafe conditions.

The Commission has explained that in reviewing proposed transactions it will
apply a public interest test that asks, in part: “whether the transaction would result in a
violation of the Commission’s rules."” When the rule at issue is one that protects public
safety, the Commission should be at its most vigilant. Congress, in the first lines of the
Communications Act of 1934, states that it created the FCC for, among other purposes,
the purpose of “promoting safety of life and property through the use of wire and radio.”
As the Commission has stated on many occasions, protecting public safety is a paramount
responsibility of the FCC.

' SBC-Ameritech Merger Order, 14 FCC Red. 14737-38 4 48.
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IBEW has thousands of workers that perform their duties on or near Verizon
Wireless and Alltel antenna facilities every day. On a daily basis, our IBEW membership
and other third party workers perform duties on rooftops, utility poles, light standards,
and other structures that bring them in to close proximity to Verizon Wireless and Alltel
RF transmitting antennas.

The RF exposure limits set forth in 47 CFR 1.1310 apply to all FCC licensed
facilities, including those of Verizon Wireless and Alltel.” As a condition for transferring
licenses, wireless carriers must certify that they comply with FCC rules including those
that prevent the exposure of persons above the FCC human exposure limits.> The limits
are well known to all wireless licensees. The FCC’s whitepaper on “Evaluating
Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields” (“OET 65”) forewarns licensees that persons will be exposed
above the FCC limits if they are allowed to access areas that are too close to active
antennas. The FCC assumes persons will not have close access to antennas, or that if
they do, procedures will be in place to control exposures to below FCC limits.* Verizon
Wireless encourages its site owners to restrict access by the use of locks to rooftops and
other structures, thus claiming FCC RF exposure compliance. However, our IBEW
membership is still granted access to these areas and is still being potentially over-
exposed to RF emissions. All licensees must, under FCC rules, therefore take the
“actions necessary” to bring the accessible areas that exceed the FCC exposure limits into
compliance. This is the shared responsibility of all licensees whose transmission power
density levels exceed 5% of the applicable FCC exposure limit.”

Over the years the number of sites and antennas across the country has
skyrocketed. Antennas occupy not only difficult-to-access towers, but also rooftops,
sides of buildings and other structures constantly accessed by our IBEW membership
as well as roofers, painters, HVAC, carpenters, sheet metal workers and firefighters.
The increasing number of “stealth” antennas and co-located sites exacerbate the
problem of identifying and understanding RF risks.

Verizon Wireless and Alltel have an aggressive safety program to protect their
own employees from the RF risk created by their antennas. However, the licensees do
not afford the same level of precaution for third-party workers. For example, Verizon
Wireless workers are provided extensive ongoing RF safety training, are routinely
provided with RF protection monitors, and are informed of the location and danger
presented by antennas in their working environment. Verizon routinely powers down
their antennas when their employees are in close proximity to these RF transmitters.
This safeguard is not provided by Verizon Wireless to our IBEW membership or third
party workers. According to the Commission’s license agreements, Verizon Wireless
has a clear, non-delegable obligation to ensure that no worker — employee or third party
—1s over-exposed to RF radiation from their transmitting antennas.

%47 CFR 1.1307(b)(1)

* 47 CFR 1.1307(b)

* OET 65, page 13, par. 3.
* 47 CFR 1.1307(b)(3)
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FCC precedent is clear that a transaction should not be approved in the face of
continuing rule violations. As a result of Verizon Wireless failure to adhere to the FCC’s
license RF exposure obligations, the Commission should not approve the merger.

If the Commission determines that the merger should be approved, it should
grant the applications subject to the condition that the merged company immediately
adopt a nation-wide RF safety system that protects all workers.

The IBEW feels that without a comprehensive RF safety system, which can be
administered and verified by a neutral third party, RF over-exposures will continue to
pose unnecessary health risks.

The IBEW appreciates the FCC’s prompt attention to this important regulatory
and safety and health concern.

Sincerely yours,

> ~

Edwin Hill
International President

EDH:dmm
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November 18, 2008

Mr. Ralph de la Vega
Chief Executive Officer
AT&T Mobility
Glenridge Highlands Two
Atlanta, GA 30342

Dear Mr. de la Vega:

The Intemational Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of wireless communications and your
company’s continuing network expansion activities. The IBEW has no objection
to expanding the number of wireless antennas and, in fact, encourages the industry
to continue its growth. At the same time, I must ensure that our members are
protected against radiofrequency (RF) radiation over-exposure while performing
their duties around Federal Communications Commission (FCC) licensees’
antennas.

I realize that there are practical challenges your company faces in order to
provide adequate safety protection for IBEW members. However, as an FCC
Licensee, your company is required to ensure that “no worker be over-exposed to
RF radiation.” This is an obligation of all FCC licensees that cannot be delegated,
and applies to all workers, whether they are employees of your company or third
party workers. I have attached the August 11, 2008 IBEW filing before the FCC
regarding the Alitel/Verizon Wireless merger, which contains a more detailed
explanation of each licensee’s RF safety responsibilities.

I am committed to working with the wireless industry collaboratively to
overcome the challenges of achieving adequate protection for our members.
With this in mind, the IBEW and other trade unions affected by RF over-exposure
have been in contact with RF CHECK, Inc., a San Diego company that specializes in
RF radiation safety and compliance. I have observed the maturation of their database
and now firmly believe their protocol is the only practical solution for IBEW members,
third party workers, and all FCC licensees. RF CHECK’s technology is the only
system that is capable of providing current site-specific RF safety information to all
workers at all FCC licensee transmission sites. Uncoordinated, individual corporate
systems based on yesterday’s technologies just cannot do the job, especially with the
unique challenges faced by third party workers.

With the explosion of wireless antennas across our nation, the time has come
for a new and technically advanced RF safety system that will protect the health of
IBEW members and third party workers.
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The IBEW respectfully requests that you, your COG or CFO meet with
RF CHECK to fully understand how their system functions. It is in the best
interest of all FCC licensees, those that host wireless facilities, and those who can
be affected by RF radiation over-exposure.

The IBEW thanks you in advance for this courtesy. You may contact
Doug Williams, CEO of RF CHECK at 619-840-55438.

Sincerely yours,
Edwin D. Hill
International President
EDH:dmm
Attachment
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Mr. Lowell C. McAdam

President and Chief Executive Officer
Verizon Wireless

One Verizon Way

Basking Ridge, NJ 07920

Dear Mr. McAdam:

The International Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of wireless communications and your
company’s continuing network expansion activities. The IBEW has no objection
to expanding the number of wireless antennas and, in fact, encourages the industry
to continue its growth. At the same time, I must ensure that our members are
protected against radiofrequency (RF) radiation over-exposure while performing
their duties around Federal Communications Commission (FCC) licensees’
antennas.

I realize that there are practical challenges your company faces in order to
provide adequate safety protection for IBEW members. However, as an FCC
licensee, your company is required to ensure that “no worker be over-exposed to
RF radiation.”” This is an obligation of all FCC licensees that cannot be delegated,
and applies to all workers, whether they are employees of your company or third
party workers. Ihave attached the August 11, 2008 IBEW filing before the FCC
regarding the Alltel/Verizon Wireless merger, which contains a more detailed
explanation of each licensee’s RF safety responsibilities.

I am committed to working with the wireless industry collaboratively to
overcome the challenges of achieving adequate protection for cur members.
With this in mind, the IBEW and other trade unions affected by RF over-exposure
have been in contact with RF CHECK, Inc., a San Diego company that specializes in
RF radiation safety and compliance. Ihave observed the maturation of their database
and now firmly believe their protocol is the only practical solution for IBEW members,
third party workers, and all FCC licensees. RF CHECK’s techmology is the only
system that is capable of providing current site-specific RF safety information to all
workers at all FCC licensee transmission sites. Uncoordinated, individual corporate
systems based on yesterday’s technologies just cannot do the job, especially with the
unique challenges faced by third party workers.

With the explosion of wireless antennas across our nation, the time has come
for a new and technically advanced RF safety system that will protect the health of
IBEW members and third party workers.
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'The IBEW respectfully requests that you, your COO or CFO meet with
RF CHECK to fully understand how their system functions. It is in the best
interest of all FCC licensees, those that host wireless facilities, and those who can
be affected by RF radiation over-exposure.

The IBEW thanks you in advance for this courtesy. You may contact
Doug Williams, CEO of RF CHECK at 619-840-5548.

Sincerely yours,
- N
Edwin D. Hill
International President
EDH:dmm
Attachment
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Mr. Daniel R. Hesse

President and Chief Executive Officer
Sprint Nextel Corporation

6200 Sprint Parkway

Overland Park, KS 66251

Dear Mr. Hesse:

The International Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of wireless communications and your
company’s continuing network expansion activities. The IBEW has no objection
to expanding the number of wireless antennas and, in fact, encourages the industry
to continue its growth. At the same time, I must ensure that our members are
protected against radiofrequency (RF) radiation over-exposure while performing
their duties around Federal Communications Commission (FCC) licensees’
antennas.

I realize that there are practical challenges your company faces in order to
provide adequate safety protection for IBEW members. However, as an FCC
licensee, your company is required to ensure that “no worker be over-exposed to
RF radiation.” This is an obligation of all FCC licensees that cannot be delegated,
and applies to all workers, whether they are employees of your company or third
party workers. Ihave attached the August 11, 2008 IBEW filing before the FCC
regarding the Alltel/Verizon Wireless merger, which contains a more detailed
explanation of each licensee’s RF safety responsibilities.

I am committed to working with the wireless industry collaboratively to
overcome the challenges of achieving adequate protection for our members.
With this in mind, the IBEW and other trade unions affected by RF over-exposure
have been in contact with RF CHECK, Inc., a2 San Diego company that specializes in
RF radiation safety and compliance. Ihave observed the maturation of their database

and now firmly believe their protocol is the only practical solution for IBEW members,

third party workers, and all FCC licensees. RF CHECK’s technology is the only
system that is capable of providing current site-specific RF safety information to all
workers at all FCC licensee transmission sites. Uncoordinated, individual corporate
systems based on yesterday’s technologies just cannot do the job, especially with the
umque challenges faced by third party workers.

With the explosion of wireless antennas across our nation, the time has come
for a new and technically advanced RF safety system that will protect the health of
IBEW members and third party workers.
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The IBEW respectfully requests that you, your COO or CFO meet with
RF CHECK to fully understand how their system functions. It is in the best
interest of all FCC licensees, those that host wireless facilities, and those who can
be affected by RF radiation over-exposure.

The IBEW thanks you in advance for this courtesy. You may contact
Doug Williams, CEQ of RF CHECK at 619-840-5548.

Sincerely yours,
2 .
Edwin D. Hill
International President
EDH:dmm
Attachment
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Mr. Robert Dotson
Chief Executive Officer
T-Mobile USA

12920 SE 38th Street
Bellevue, WA 98006

Dear Mr. Dotson:

The International Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of wireless communications and your
company’s continuing network expansion activities. The IBEW has no objection
to expanding the number of wireless antennas and, in fact, encourages the industry
to continue its growth. At the same time, I must ensure that our members are
protected against radiofrequency (RF) radiation over-exposure while performing
their duties around Federal Communications Commission (FCC) licensees’
antennas.

I realize that there are practical challenges your company faces in order to
provide adequate safety protection for IBEW members. However, as an FCC
licensee, your company is required to ensure that “no worker be over-exposed to
RF radiation.” This is an obligation of all FCC licensees that cannot be delegated,
and applies to all workers, whether they are employees of your company or third
party workers. I have attached the August 11, 2008 IBEW filing before the FCC
regarding the Alltel/Verizon Wireless merger, which contains a more detailed
explanation of each licensee’s RF safety responsibilities.

I am committed to working with the wireless industry collaboratively to
overcome the challenges of achieving adequate protection for our members.
With this in mind, the IBEW and other trade unions affected by RF over-exposure
have been in contact with RF CHECK, Inc., a San Diego company that specializes in
RF radiation safety and compliance. Ihave observed the maturation of their database

and now firmly believe their protocol is the only practical solution for BEW members

third party workers, and all FCC licensees. RF CHECK ’s technology is the only
system that is capable of providing current site-specific RF safety information to all
workers at all FCC licensee transmission sites. Uncoordinated, individual corporate
systems based on yesterday’s technologies just cannot do the job, especially with the
unique challenges faced by third party workers.

With the explosion of wireless antennas across our nation, the time has come
for a new and technically advanced RF safety system that will protect the health of
IBEW members and third party workers.
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The IBEW respectfully requests that you, your COO or CFO meet with
RF CHECK to fully understand how their system functions. It is in the best
mterest of all FCC licensees, those that host wireless facilities, and those who can
be affected by RF radiation over-exposure.

The IBEW thanks you in advance for this courtesy. You may contact
Doug Williams, CEO of RF CHECK at 619-840-5548.

Sincerely yours,
- <
Edwin D. Hill
International President
EDH:dmm
Attachment
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Mr. Scott T. Ford

President and Chief Executive Officer
Alltel Corporation

One Allied Drive

Little Rock, AR 72202

Dear Mr. Ford:

The International Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of wireless communications and your
company’s continuing network expansion activities. The IBEW has no objection
to expanding the number of wireless antennas and, in fact, encourages the industry
to continue its growth. At the same time, I must ensure that our members are
protected against radiofrequency (RF) radiation over-exposure while performing
their duties around Federal Communications Commission (FCC) licensees’
antennas.

I realize that there are practical challenges your company faces in order to
provide adequate safety protection for IBEW members. However, as an FCC
licensee, your company is required to ensure that “no worker be over-exposed to
RF radiation.” This is an obligation of all FCC licensees that cannot be delegated,
and applies to all workers, whether they are employees of your company or third
party workers. Ihave attached the August 11, 2008 IBEW filing before the FCC
regarding the Alltel/Verizon Wireless merger, which contains a more detailed
explanation of each licensee’s RF safety responsibilities.

I am committed to working with the wireless industry collaboratively to
overcome the challenges of achieving adequate protection for our members.
With this in mind, the IBEW and other trade unions affected by RF over-exposure
have been in contact with RF CHECK, Inc., a San Diego company that specializes in
RF radiation safety and compliance. I have observed the maturation of their database
and now firmly believe their protocol is the only practical solution for IBEW members,
third party workers, and all FCC licensees. RF CHECK ’s technology is the only
system that is capable of providing current site-specific RF safety information to all
workers at all FCC licensee transmission sites. Uncoordinated, individual corporate
systems based on yesterday’s technologies just cannot do the job, especially with the
unique challenges faced by third party workers.

With the explosion of wireless antennas across our nation, the time has come
for a new and technically advanced RF safety system that will protect the health of
IBEW members and third party workers.
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The IBEW respectfully requests that you, your COO or CFO meet with
RF CHECK to fully understand how their system functions. It is in the best
interest of all FCC licensees, those that host wireless facilities, and those who can
be affected by RF radiation over-exposure.

The IBEW thanks you in advance for this courtesy. You may contact
Doug Williams, CEO of RF CHECK at 619-840-5548.

Sincerely yours,
-~ ~
Edwin D. Hill
International President
EDH:dmm
Attachment
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January 2, 2012

Mr. David Michaels, PhD, MPH

Assistant Secretary of Labor for OSHA

U.S. Department of Labor

Occupational Safety and Health Administration
200 Constitution Ave., NW

Washington, DC 20210

Re: RF Radiation Hazards
Dear Dr. Michaels:

The International Brotherhood of Electrical Workers (IBEW) and its
membership fully appreciate the importance of your agency supporting the objective
of employers providing a safe work environment for their employees. I would like to
take this opportunity to share my concerns regarding the hazards related to radio
frequency (RF) radiation from RF transmitting antennas across our nation.

The IBEW is committed to working with employers and the Federal
Communications Commission (FCC) licensees (governmental and commercial) to
overcome the challenges of protecting workers from RF radiation hazards. The
IBEW recognizes that there are practical challenges that we all face in order to
achieve the goal of implementing a comprehensive national RF safety protocol.

All FCC licensees’ are required to ensure that, “no worker be over-exposed to
RF radiation.” This FCC obligation is non-delegable and applies to all individuals
who may come in close proximity to RF transmitting antennas. However, on a daily
basis IBEW members are compelled to work in close proximity to RF transmitting
antennas without a comprehensive RF safety solution in place.

None of us can deny the proliferation of wireless and the vast number of RF
transmitting antennas that exist across our nation nor can we deny the need for a new
RF safety protocol that will protect the health and safety of our IBEW members and
other third party workers.

The IBEW’s Safety and Health Director, James Tomaseski, met with your
agency regarding this issue with the specific goal of garnering OSHA’s support for a
comprehensive national RF safety protocol. During these meetings, it was identified
that OSHA’s own employees are also exposed to the same RF radiation hazards in
question.
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The IBEW and other trade unions whose members are affected by RF
radiation over-exposure have been in,contact with RF CHECK, Inc., a San Diego
based company that specializes in RF radiation safety and compliance. RF CHECK
has patented a dynamic database solution that we believe is the only protocol to
provide comprehensive, site specific RF safety information to our membership and
others who may work in close proximity to RF transmitting antennas.

RF CHECK’s patented RF safety solution does not burden employers, what
so ever, in providing a safe work environment for their employees and supports
OSHA’s own health and safety directives. Their system is furnished at no-cost to all
users including all workers, employers, FCC licensees, site owners, federal, state,
and local agencies, school districts, airports, first responders, banking, utility and
insurance industry, and others.

It is the IBEW’s desire as well as other trade unions to gain OSHA’s full
support on this national RF safety protocol, and encourage OSHA to continue to
work with RF CHECK in addressing this serious national RF safety issue

Thank you for your cooperation. If you should have any questions regarding
this request, please contact James Tomaseski, IBEW Safety and Health Director at
(202) 728-6040.

-Sincerely yours,

Edwin D. Hill
International President

EDH:dmm
Copy to James R. Tomaseski, Director, IBEW Safety and Health Department
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This is in response to the FCC’s Notice of Proposed Rule Making regarding radiofrequency
exposures. Although the FCC is requesting comments with cost benefit considerations for their
proposals, we would like to go on record as noting that many of the existing regulations have no
practical application to provide RF safety or FCC compliance for IBEW members. We also believe
that many of the proposed RF compliance rules and regulations will not result in improved RF
safety for our members or increased FCC licensee compliance and accountability.

Please accept the following comments as our concern regarding our member’s exposure to
RF radiation and the lack of any RF safety solution for existing or proposed FCC RF Human
Exposure Standards.

In reference to paragraphs to Paragraphs 177, 178, 196, 199 and others that refer to CFR 47 1.1310,
we offer the following:

1. The premise that an IBEW member, whether considered under general population or a
transient individual might have knowledge that there is an allowable FCC RF exposure limit
for them and that they would fall under any certain category, either general population
exposure limits or occupational exposure is inaccurate for the following reasons:

a. Inreference to CFR 47 1.1310 and refer to Table 1—Limits for Maximum
Permissible Exposure (MPE) (see below), IBEW members and many other workers
will not know to refer to this chart.

b. The FCC licensee should be responsible for ensuring our members are aware of their
exposure so they can fully exercise control over their exposure. The FCC licensee
should also be responsible for ensuring our member knows the unique physical
boundaries at every work location so as not to exceed the referenced RF exposure
limits.



The premise that an IBEW member would be able use the table to determine how to remain
safe from RF exposure at any particular location is inaccurate as follows:

a. Assuming that an IBEW member was able to determine his/her allowable exposure
limits as referenced above, how would they know the where the RF exposure areas
were located at a particular site which host RF transmitting antennas?

b. How would an IBEW member know where the exposure areas are located that
would exceed the applicable limits?

Also, is it not correct that voice RF transmissions can occur with variable power where the
power could fluctuate up or down at any instant? So, would it not be safe to say that
assuming the RF power density is static would be wrong and would not be an applicable
way to be in compliance with existing or proposed FCC RF Human exposure limits?
Therefore, any site specific RF safety information should be based upon maximum output
power as a default to avoid any confusion on RF allowable RF exposure levels.

. In reference to notification and signs as noted in paragraphs 175, 178, 182, 185, 192, 194,
196, 198, 200, 201 and others we have the following comments:

a. It’s our understanding that the FCC only recommends signs but does not require
signs. What should be required is that a person be made aware of their potential
exposure so they can exercise control over their exposure.

b. Signs in many existing work areas are very ambiguous and are not RF exposure
specific. It appears that the FCC licensees only place these signs as a general
warning; however, they are not protecting IBEW members from being exposed
above the allowable limits and should not be considered to be a “catch all” for FCC
RF compliance. In addition, how does a sign protect IBEW members who are not on
a rooftop but are working near a pole attached antenna, or one on the side of a
building, or a water tank or a stealth antenna blended into the architecture of the
building?

c. When there is a hazard, the hazard creator has a duty to warn others against the
hazard. Signs and notification are an important part of any safety program as they
can provide warning of a hazard. However, because there is no way to assure that a
worker has read or understand the information on a sign and there’s no current
method to insure that a sign contains enough information to ensure compliance with
the FCC MPE exposure limits, signs should not be considered to be utilized as
providing comprehensive RF compliance and safety.

d. Notification is the key, but how to notify and ensure the notification was received
must be considered.



5. In reference to paragraph 193 we have the following comments:

a.

Although the FCC licensee is ultimately responsible for ensuring that no individual
is exposed above their RF radiation FCC limits (and the IBEW believes this as a
non-delegable duty that cannot be passed onto the property owner), it only makes
sense that providing real and effective RF safety for any individual should be a
“shared responsibility” maintained between the regulators (FCC, OSHA, EPA,
Congress), the FCC licensee, the property owner or property management company,
the employer or subcontractor and the employee.

This Notice of Proposed Rule Making Change is long overdue and validates that
ensuring compliance with existing FCC RF human exposure limits by the FCC
licensee is not effective and cannot/is not being enforced.

As evidence of this situation, we are beginning to assess our member’s potential RF
exposures, past and present, as we believe that many of our members have been
exposed to levels of RF radiation in excess of the FCC limits.

We have considered numerous solutions to address RF safety for our members and
have concluded, the only effective method is what RF CHECK, Inc. has patented.
We recommend (as we did to OSHA), that all the parties work with RF CHECK to
ensure accountability for the FCC’s RF Human Exposure laws and for the protection
of our nation’s workforce.

Thank you for the opportunity to comment on these proposed rules and we commend the
Commission for reviewing these exposure rules that should provide better protection for workers in

the future.

Respectfully submitted,

2.

Edwin D. Hill

International President

International Brotherhood of Electrical Workers (IBEW)
900 Seventh Street, NW

Washington, DC 20001

202-833-7000

Submitted September 11, 2013



